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A GUIDE 


TO THE 

OLD INDIAN OBSERVATORIES 

CBAMEK I. 

Jai Sisaii oil’ 

Maliaraja Sttwiii J^ii KiiuglL II oi Jaipiii- wins boni 
ill AiU. 1080^ juicl sticccscxlcd to tlio Auibei^ 
at the ago of tliirtceu in A.D. iGSy, a few yeore before 
the deatli of AuniiigJiob. He Lad difBoultdea in estub- 
lialuiig hiiuaolf, but in 1708 oLtamed complete poasea- 
flion of the province. In 1719 he woa appointed by 
Miihajnumd Shah govornoi of the provmoc of Agia 
tiiidaOf>n after toMnhva. I]i 1734 he agoLi govcniDt 
of Malwa and in that year* apparently with the oogni' 
Kuiicc of the EuiiJcroij he jMsaigned the proviiiGe to the 
Peshwa. He di^ in 174S, two himdred ycara after 
Copernicusj and " hie wives, conoubines^ and sdmee 
exjared with him on Li^ funeral 

1 Itie yc*J? in wliiali l^uwioa'i JViMijufl WAff oomialfltcEl. 

^ Khd /iTifiguiiitJ Maja9l*hii}h By Ot^utoMot-Goloael 

Jiimm Tod, Viil. li, p. 

1 



^ A GUIDE TO THE OLD OBSEKVATOBIES 

Joi Bingh mixed in most of tlio tcoubla mtd warfare 
of tli0 lojTg period of ttnurcLy ttiat coijioided witli Jiw 
leigji; but bo distuiguiabcd liimsolf more oa a stjitetMUUO 
thaJi a aoldier mid lias boon tei'uiej tlio ALieluaimlli 
of Hs day. Ho ivtia tlie fottmlci' of a iicir etLiiitcil, 
mmod after bun Jiiinngaf or Jaipur, ivbicJi in ]ii.i tiiuo 
became a eentJcci of loarniiig j lie ereokd earaviuisaruii' 
m mEiny of tbo provijMsca ; mid bo built nstTmiouiioid 
obsemtoi'ies at riiro of the pmicipal citiea of Hindu- 
stall. Hu conceived mid carciod nut n scJicinu of 
ecionti^c icseai'cli that is atfU ii iintabb cxumpUi ^ 
Hiid Hs uiAueuoa is still a living one. Tito nljacrvu' 
toiies he ei'ectod are, in tbo imds of JiIh filtloriun, 
monmuanta that irradiate a dark period of fiulimi 
Hiatory/’^^ 

At an early age Jai SlngK idioweil a jirctlLlccliniL fnir 
astronomical Tvotlr and, according to bis mvu aeoomit, 
by oDEBtant study be obtained a (borough kiioirlcdgu 
of its pnnoiploB mid rules. He found the iistxofiomiuat 
tables in nee dofoctive and sot IvimseU the task of 
paring new ones. With tbis pur^iose lu view Jui JHiiigk 
took every mernia to ensure saeeDS!i. Ho attiiolinil 
bimseli to no poitieular eeboui but Htudintl IFuidit, 
HuBiim and bliuapcBii metbuils iiupaitially. He ool- 
looted astronomical boohs and bod cortoin of them truiis- 
lated 'f be organised a logubir stai! of wnibers and sun t 
some of tbom to fai<Gign countries to coiJoot biforinatLon 
be Invited cartoin bbiFopeaus and othci'S bitorestod in 
astronomy to Jaipur; be built a largo observatory at 
Delhi oud made carefiU obsorvatioits there for eeveu 


> Ted, il, p, 300, 



jjj. enfQE 


a 

years with a viaw to fcho prispaiation oI a now star 
catniogiio; tiad aftorwM'ds ha built otliar obocivalnrieB 
tit Jaipur, tJijain, Baiiairco aiul Idiltliuiu. Such in 

brief were Ills aaliiouomiofil flcUvitScs ive now 

pnKximl to deacriba in some dcML 

iSourea of Jiu hiowMgo. 

Of Uio worlds of his prcdeccHaOL’B aitd ooutcmperaiicB 
iJicivi iw ovJdt^icu tluit Jai SiJigli wvle ficqminttitl 
liie bJlowiJig i l*tf3leEiiiy> /ibnugcut; eJig ftetronoiuical 
titblea of Uiugli Beg; Home on tUo Aatiokbc; 

La Hiic^s Ttihdac /hlronomicttci aiid Flaiitabeed's 
Ilishria (JocinJilh Bnkimiat; also cortaSn weaterij 
malkcmatictil works sudi m Buelid^e a 

treatise on plane nnd nqdicrieal tnfpnnnmeky on tJie 
eonstmetiou of Ingaiitliuii?. of couraoj cannot 

bo an oKkiuiHtivc lUti Ids vahiable librn-Ty no longer 
ontiTOi* lUHfl it ironkl be fairly safe to easume 
tJtELt hlai Mingk collected and stiulied all tlio a-vailable 
usti-ononLickd W[>rkn; indee*! it ia rccnrdeJ apedfioally 
iiuit kc ]>i'oonrcd fmn besides tlie tables of 

La Hire, tiu^so of oarkcr rbites. 

Tbo book tied bcltl way in Enrqie for a tlinusand 
yoni’B alter ite piddientiovi^ and anio]^ tko Arabs for a 
tKou!34ind ye«^Ta after its tranfliatiom was Ptcdoiny^e 
cmunionly known m tlie Ahimgc^. No otlner 
text-book that baa over been lias laid aueU a 

i IL li\ finSa tljJit gtivo Jii\ f:l»nsli'i uilrJvitllfld iLbreiy 

Ut Ik pouriostui t ii ’Wfta iXkm dopoilcd nnd its trotuiUTeB distributed 
i \iiiDing bor liase relAii Tub would aooouut for tiLo- moagtsuofla 

uf UiD Enforoin tiDii iiavr nVaUablo: but tbo UlIu docs not 
bifftr (Jim imptoas ol trutbi 
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reputatioji, Jd Si^igh liiiiiBdi qicjika of rtolejny as 
one of tko (jneatest nataiomm, ixml njio Jii« jurn^h 
iiupoiiifUkfe ants wa to order a f^jnutflati^ni from Uto 
Aiabio ol: Ptolemygreat ^vork. TJitH wuh unitorlitlveu 
by Jiii 8ijig]i’a diief aK^mnojiior JagJiiiiMlrlli wJto, In un 
iiitrediictioii to tlio tnwn*!atifwi toiHtled 
dfidnla,^ rceoidii intereHtinK detiulH. 

Jai Siiight Jaganjultii Kiiye^ w:ia j^b'vc^f In 
mw iticthocb with globed smd iiintriiminiid: iiueI 
witli tlio holy ol cer&Jiiii leanui^l niu[Jitiirnt!leiium 
and ftBtnfwiometSj, Jio Jnidniruhs ohscrvaterns ul thesisirrs- 

Tlic iiistvuinisaita pTojjor Ui u3i obaorvittnry haiil lu 
be (1) Jfsidi yantra (wim^dial)^ (2) UoU Yniktr^i (Hisliei 
(3) Digaih^a Yaiitiu (itzijnutJL iiuttninionlrjK (-J) i)iikh“ 
uhiiio Bigbliitt (mnnJ qiiadrjijit)^ (fi) Vfitta JSlnisli- 
ttoSaka (an aio of sixty dtigroer j]|itecd m tlte nu ridinn) 
which, ho mytif “ tho Yavanaa csill ditfthfijfctiri,'* (H) 
Sammt Yaiitm (an eciuLtiootLil djriJh Wd-L aiienig 
the indti'iuuraita/ luid (7) Jay a I^adtsiH ^ tliu orent jcavi'l 
of all indtnuiioute/ 

Then we arc told that Jagaiijulth iiroiaii osi Mi in 
excellent SiddAon/rt jSflmraj for tliodcHght of Jiu iSjjigh ; 
and that it is a Tendering into Sfuiakiit fni: tlie bnjirllt 
ol mathematiciaaiB of a worlc in the Andiije huigiai^rti 
entitled “ Ho alao tdk na tliat i 11 tho Y hvih oi 

country, the Yavena mnstera of osti-^Jiioiny, Abrnkluid, 
Ota.I Jcimd tl»e maximum djeoliiiation to }]c 23 deyi’ce'^f 
El minntca 19 aecojtdji i juid tliat in Ynn(U]i, 3tl tlcgroca 
north, it vrae found to bo ^3 d^rcca 01 mmutne 15 

1 Anflthar tittfl la ^i^dhanlA ^ru KJ[£Uiiutt^ii^ tiofl AnrftHjjiTi 
Cftt (fiffljtft. Jlfofi. 3VY». CWIi LPtiMnu p, 

Ptwlemy^a Alma^iiL 


jAi aoTGrr 


RCfontla by 4;1io (ibsorvatitHw Vitln.iJm3n]!fi. Ulugli 
Meg fnniid it fcu bo SiTr ilegrcrii^ SO munitof? 17 scdoiiilfl at 
Sara!itqju\fb dcgrei^w 17 TUimilifH ixortli, By ijliserva- 
tbjn wit)I t\m iwtitrtmicjit wo found St to bo 33 rlrigreofl 
at Indvaiiroj^tlia hi IdSl Elilliyrtbana/'^ 

Ulugh Bog’fl a»tronoi]iioal tablca ware completed 
111 A.D- liSfi and bGPain(\ almost as famous as tixos^e of 
Ptfdemy, and dioy formed the Imta o( most subnoqucivt 
catalognesi* JFlain steed iiRocl them a] id m did .Tni 
Ringli, Tvlio Imuigbfe them n]> to date.* 

djii fliugh liiiuself lelers tu hn ITive^s tables and to 
other Eorqificiu tables, and in tlie palnfio Ubmry at 
rTai]ini ip still a copy of IdainstecirVa groat worl;. 

P. do JaHire i.ma l^rcnch sebokr of repute wha 
]ivi?dfi:om AJb UHObj 1713. He wrote uuiny nmtlie- 
maC;soal works and in ] 703 pul>iislied hia 2^(jbukfe Aalro- 
of wbicli tbo fivHt part biwl rv]>]icaTed in ]G87, 
'.rids work eentaiiied, besides tliu usual tallies, a 
vefraetinn table (wltieb, it itt HJiid, .Tai BingU cojued) 
and a [loHCi‘i]i<if]ii of a nianbioo iiivoiii^l by k irire 
to show tlifl tlieoiy of efilijises- Annfclior of laliiTek 
workw was * La 1 liunnoubjiie^ mi Ttirt dc traeei" das 
ooilniimt on herologaf solid r es sEir kiin;es sfirCoB do 
niirrLiecs, par di ITerenles pralii<[Lics, avoc Ic^ d^jcLniiiiatTa- 
tions g^mictriquofi do tontes []|ieni.tions.^ Tliiji 

^ tljiluM Mil Tli-ci nniii en fl Ei^ senimw] i at In [ t AtarklirtH 

ih fiir J IjpfH^nL^kiiiv Vmjuiuvyti^ in fnv My Y^tid^iL 

UluHliJti IS ivi^nth *rne (Into f^tUiviilistna in rroiiviUcint to 

A.ll 171^11. 1 llllra[inLnLlin IH- T>4^ll]L 

* Jjti vursioa Ik i^ivcri In iny volontn 

^43(] hIkc Mr. K. H. XtiiDhcl'q TK^diit rcUtldii iiE Ultifh ^ 

fif nubHslici;l by tins Wsnliinjutrak {,1017}* 
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w£i3 publislicd in 1632 and would liavo been nsctul 
to Jd SingiiH 

Jolm Fl8Lmati:!<d lived iioan. 1616 to 1726. IKa 
Hkloria Ci^elesfh BritMuim apptyii'cd in J7I3| oiin 
ioliovulmru^ iikfldc^q^ oHwfl bfn:>kts tlic llrat c^otii.aLOfJi^ 
tke catalcguA of stnra fUid sextant id^aorvulknin ; 1.1 to 
second, obflOTvatiojtB with Skftq/ti mmtd ary, IVio 
complete worlcj oaiiaisting of three folii* ivuh 

published in 1725. Flainstcetl Ikiiimcil lived tmly loiii; 
enough to fiiiiflli tlioi^cconrl oftlio throevoliiiiHnu, Tlio 
third was edited hy lib assistants f!icis?itKwiiite nvid 
Sbaq>. It ooitbiina desoriptiona of tho JitstrunvoitH 
used by Tyclio BraltOp HcveliuWp Flauistccil iLtriiself, 
etc. j thfi staT catalogues of Ptokmys Ulugh Ih>^, Tyc.lu) 
Brahft^ the Laiidgravo of Ifosae and HevcIhiHj uJitl, 
bually^ the Britiofi catalogue of 2,036 etars. 

Undoubtedly Jai Singh possasaed other ustroiiohtS^rid 
works, foi u\ the preface to his own catEiloguo he meiithiiiht 
BflveiAl otlicr astronomerfl by JiJiiuo. For eyoiojdop 
he not only nfieations KftgiT-ahDtii al-Th^i (burn A.D. 
1201} but also ]iis eommcjitator (A!i b, M.) al-UnrgfHd, 
Kastr^al-Din waa one of tJie greatest IfuHiiin aatronoiuerH. 
He made ebsei'yatiuiia at the Marnglia. obsoi^vntiiiy mid 
published the fotnotts ' lUchfliiie TahleSn^ iHi wrote 
numerous works on astronomy and mathoiiiaties, 
including eoinmentariea on the woikff of Arcldincdefi^ 
Euclid^ Ptolemy, oto. 

Coupled with Nh^ir-oI Dtnj Jai Singh mcjitiona tdm 
Jamsliid Kashi (Jatnshid b. Mm'M b. M. Cbyarii al-Blii 
el-Kashi), one of Ulugh Bags nsaistniitSp who wrote 
eevernl works on astronomy and partiGuIarly m tlio 
Khfl^™ tables, Jci Singh also jiumtton?^ nbSQft. 



jAi Bmun 




Hunter^ toUs m tlkat met at Djjain th gtaniUoiv 
of ^Ta^ Singli's (1 JagcuuiatliJ, In 

Itin ]nk^iH{Lsau]ii," he Tv^itefi, I sftw tlio tmiiBbtion ijxto 
iSaikEfkrit iiiiV£ral J^iisiopcMt oxetmted tiswlcr tlio 

imhm s>f nTnii^iiiglni, pjirticwWly Eiiclkrfi 
\virii n trt^ritiso (i]i and H|]kci ioal trJgoiinEni&try+ 

and on l-lif? c^oEiFti-ruclioii mid of bgaridiui^ w]kidi 
wit^ nlit^idEOi] jo (kiTh'^ laid l.\j|iiniEi]i(lijic'H fditiaia Ju 

liliiN tr.iJTftl'jjJ.ioir l\w ijjvriilrta^ rH^vtUrnl D*jn .Tiimii NniHeir^ 
^ tlu'iiD tltc Pan Jit Jind a inble ol 

lo^njltlnn^ in\d cif IcigtniMnniiE unU icpigcsnts ti> 

fni™L]>lnGf^a of ll^urcfij anil a trentiwc!: on cojue gcctioais/^ 

Wxi am nl*5fi fdj tlmt itmpa and globes oi: tlia 
FcriiigltGi^H >veK! obtuijLcd froinSurut/’^ 

Jill Sin^b lUd not rely nltt:gefcli 0 J^ niMWi inlormatiDJi 
{ri>nii3Li;ti<d in books. Ife sent to 
KkilfiJ [>f^i>ion« silon^^ witli PnJicQ Sfanucil "i MiUiaiiiinad 
iSluirtr'* to fioipiic pJafte wIiofg tlie &entlierii 

jiolo ivaH Mverkead aiwl MtJotnuniid M^Jidi iiVaa Benit 
to the lui'tlici: blrtndg."'^ 


' rirr &irn( fl/ l/if f^piaura &/ Jctri^t i?njft 

rj/.1 FjfWrrfTp i^r ifl^jFj£irjui:r. /*y AV. nuiPPEiE. Aftinfiki 2^;DKuvoIiQfl, 
Veil. V., 170Up }i, iiElEk 

^TbU bKMi 3 iiii Un UiDisJi-iJititT rjf T^jeVh NLot^niioiib ttcirt-J ju 
nitiiHTfL “ JjfMi NiiptwOii diu Oflrtnin£OtJ&Ji aul 

Ihi tmttMllLiljCiil into HiULHkril/' (U SiiS.) 

^ A, rtn aTid 0 . fOiLKnr^ Tli^ /fiwjwr 

, if It JiJitlihr, ;j. 3rX lo Lhs? JjiIjuff miajic-iiin ttoM m a. tMTasbritl dpto 
iillrJliii1;<'4l ttj iIjlI ; Jiinl lur Usg ETnmftvf^e* qI Ulsigh Beg^s 

£iEi.EkirfllrmU'H IhOp clc^lini^iioii niid rlj^hi nHcemion iv Ir^Tgo Ami fiilriy 
nernii^la CL-li^ftliul jstcsliiL uHctI ty Jcii fifngti'j* AKlaUnia- 
If a triMlSm on Mic nwbn&lato (Brit^sK 
ikiiLiiu!iiaHj>tfi 7-iSO) Ly ^AbJti'E lAdaim h, MuliamniJid 
fj -IShnrTr TJjfl data of Li lo tHahii fiCrtiit ifl A. li. 11C15 (A.D. 17ni), 
Kws Alari&y p. 3, 

^ p, 
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Confirmation of the expedition to Europe is found 
in the records of the missionariefl in India. In 

1728 01 1729* wo ate tolcl.^ Jai Siiiglt acuifc EEitkor 
Kguorodo, a Po^ttugtieao Jesuit, to Portugal, Aim tlio 
aama recorda relate tiiat mi Januniy ITIM^ two 
priests set out from Obiuiideiiiagorfl to Jaipur,^ at 
Jai SiiTgh'a rotjucet, TIio account? of tlio aatTfuifniiinul 
work douo by theso two priests nb Jaipur and on thuii 
ioiiincjy was writtein aooorrting to M. U’Anvillo/ by 
Father Bondi ar, 0]rG of tho prieflte who msdo tho jouniuy* 
Ohec!'various were luade at ni[n«t of thes inipoitaut 
pjneee llirougli wliioh they paaeAiEh Tlio nljSLH'va1;*>rLc'B 
at Ddlii and Jcupitr aio snentiiined Init net tiioHa at. 
Beimrcs OJid Mathura, at both ol wliioli ijIacOB fJifiy 
made nHtronoinical obi^rratioiis; aud tld^scoEutt to 
imply tliat the obaeivatoiics at Benaran mu] Matiuinl 
were built after thtii vi^Hp wliich took pinoc in tlin 
early part of 1734. 

Ticffeutlialci, a Frcaioh Jeamt, who tunlcd iii fiuttii 
in 1743^ the year in which Jai Sbigh diorl, wiites^ 

*' I have made three or four jfmi'jicyH'+ to Agm Find 
Delhi in order to visit E. P* Andrd fjtrfibelp whom 


tt ^rrVm (Jaa Mittsiniu 6 trtt}\^ri'N 

WiOnn. tfpi /ntffia^ ^[JltrfsfEWjR, 

fcrtEdcit 181 Ui pp. f. 

* A Jeicrfiay oi over a diotiMarnF jiiJIir^ 

i Obifr^iiftns m J7:U mr tJm 

TWTlEfrUEf feur iHJ^fx^Eidc CArjNi/srPtr/^ d ef d p. 

* ^itr ht Urirla fU I^flrh 

p. 4a. Fii-Lti-or !HaiiiUurV jiiCtcHiiit ithm jiut. piihliHEiiMl tUl 

latATp b^t H- D'AnvUlts ut^t^inuEl. tiit^ immiiJtaMhti A-uiti 
mlflO. 

* Jhscf iptitrn hixturi^n^ el Tlnd^-r Ed. hy J. 

nnmoualH^ Pn^fftCfl jh C+ TJda work QC^Litu^Eifi dett3Hpti4?n« tif 
^Iko obsorvAion^ wliioh nro quoted Lo^fw- 



JAi singe: 


Jessing, Buja fjf Ujeponr* inten^ted m a&tronomyj liaclj 
witk iL coiupmiinn, brongUt imm Germany. 

Tiio only ntlior ]jLiTikpc(iii en>iiueotcMl wtii Jai Srngli^ 
liUalrWe iLiiwlurcniimf.ion nbciiiti, irtal>«ii Pctiro tloSylvaj 
wboj atscfitNliag tn wjum a )}liyHiuian luisl an 

aKU'nntnuur an^l roHitliiil nt wi1>U iliii Singb, Du 

Hylvn, Hr u]j|a*4rH, ilml itbiMtE: AJ>, 17tS"2* 


Jfici mfymwimrjd IfthteR. 

TIig Zrj AhiJmfimwl filmJn iet a fwjt ^ J iiftbtonEimicat 
i^blos pncfjiJirocl under tbe direci^uni uf Jiii Singh and 
jiainenl tlio Iiin]iDiY»rp Muitjuiiinad Slulb, Of tlii^ 
woi'k there ts an iiifloiiipletcDevaJirigftrl luaiuisciipt 
at Jaipitr^ anil at tbo iniinninti \t\ a inan]>lE^te 

I’eraian iiiannaGript.^ A\m llLinireT had ncnoafi ti^ a 
Pi^FHiau inainiEU^rrpt ainl gave in his papet in tlic A slut b 
{1731)^) the Peraian version of the prt'injCo tu- 
getUer with iiis J^ngiislL twislatEinn The lat^tcr is repro- 
dnneil Insbnv. TKq tables in betli tbe iTaipnni]i(l Biiti^lt 
Miiiicurn iiianuacrlpts aro ifleiitieab and £he oataio^no 
u[ la not an original oho but is UJngU lieights bruught 
up to dulic, 

TIio .Taij>nt inOrUn&cript begin a aa follows i— 

" Ifcnnugc to holy tlniiciih* Catnliigao of 48 oonafcol- 
btiona. From the time of Uhigli Beg a tablo^ AJT. 841, 
to the i>roaont date A JI. 1138, or 35)7 ycaw, the inean 
m4>tion ifl 4 ikgroos 8 niiniitca. In t!ic Zij AhiJtmmnad 
SJuVd the estimates of cloclijiutioji^ etc., are taken from 

1 Afiktio RpflDrtxcEiDH V, ITIffi, p. 210. 

■ 0. j^Eu &; oriiTiid » Ada. am. F&it 
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file globe. Eight ^cenBiou divided l>y iw ii]ipftTent 
time.'* 

The preface tc tUo Zlj Mufimnutful Mdhi froiifi mi 
hiatorical point of view, porhfipH the. luo^t iiiti^i^osttinR 
part of tliat worlt, luul is here gtvon in fulL^ 

" Praiflo be toOnd^aucili tliafc tlie miiinkdy di^fl^et■l’l^llg 
geikias of tlifl profoiuMlest gefnnefcerH in idkrfng tJie 
Minolleet particle of it, may opon the mautli in ooi^hin- 
ftfon of inability; mid aitch adoratifiin that the fitiuly 
and acGimicy el EifftirtinomCTH who meaaiu^o the luetmn^k 
oji the first step towards cscpi'eRaing it imy Jtwilcnowialge 
their astoiusliiueo^t Mid otter uisulheieiicy. Let ui^ 
devote ourselves at the altar of the King of King^— 
liallowed be hla umue—hi ttm Itook ol tilio register of 
whose power tlic lolty orha of he|^v^^n arc i« ily J L ftlW' 
leaves; and the stars and that heavenly oour^r the 
sun, a small piece nf money in the trejymry of tile (nii[iiro 
of the Most Higli. 

""If He had not adorned tlic pages of tiui table of 
theciunsfce^ of tlie cai'tli with the linos of rivoJ^h and fcko 
cliaTsoters of graEJses and trees, no culciihitor oould have 
Goitstructed the ftlnmnac of the various hinds of aocdpc 
and of fniit which it omitaina. And if Ho Ivful not 
enlightened the dark path of tUo ctemonts wiCJi tJio 
toiches of the fixed stars, the planets Mid tlic ro^vplcndoiit 
euji imd luooni how could it liava boon possible to arrive 
at the end of oiir wEshea, or to escape from tholabyrintli 
and the precipices of ignoiimcc ? 

" From iuahiiity tocoimjitelioudfehoall encoiiijiassing 
bcnofioence of Ilia power, Hi]3pai'cUu:s is an ignorant. 


I A/t. lSti^r F, p. 178 f. 
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fiilowjij who wSngjs iho u! v^^ 3 ^atl^>n; Mid in th& 

Ccmticnipbtioii tsf His Mfijeisty, Ptnlemy h t\ 

b[itj who cnii ncYci: MTive t«Uo titiu tiE tinvtli; the 
doiiuuiHtmtiai]^ nl Knol^l aro aji al^ctxili of 

tiio farms of Jii,s ctmtrivftneo ; micl riiLmiikuifls of Jainsliicl 
Kaaliij^ 01 Natjir bi fcUia attend]) b would bbouj h\ 

vain. 

flinoii tlifi w&U-wiaber of bho works of creabion 
Jbiid tlio delinking Bj)oct-at{>r of bko thoatio of iiilinito 
wisdom aiid |>rovidejioe, Sawui Jai Singh from the 
[list dawjiin^c id r^-aaon in lus imiivd durEing its ip3fo- 
gres$ towards matarity^ was catii'Oly devoted to the 
rttLidy of matUeiiuxtical saienjoc, and the bent of lib 
iniisd wrts Gortfjftantly directed U> the ^aolntion of its 
inofit diflioult laroblcms^ by the aid of the Supiemo 
Artificei he obtflinecl a tJi<jrougli taiowlcdga of its 
jjrinoipio ojid nilcB. 

“ He found tiiat thccaleulatinii of the places of tlie 
as obtahVE^d ftom tlto tables in orsmntmi use, such 
as the now t^vtalea of S'aid Gniganl* md Kliiiqani, and 

li. flMJTis fil'Ki'dil wrm oS Ulnf^ 

liable [u1ttuilju]]i£]i:ti* 

* Kn?|lr ui-i>1ii fll-JwiiJ tvtir bflm AA\ 1201. Ho -^orkud al tho 
MiihE^lihir obMtt’V^LVnrv lOid imblijikud tha * tiklifLnlo Tiibbij,* 

lie tnuluUitiiJcL l^ioliu'n ntid rtaldttkya Itrul Vfiotb 

yimiy tfarliH oa nj^braiioniyH 

^iJfii jti tkatliinl ^monn 

^ * Ah b. M. jil-nSaflf nl Goi^nl, tvIkj Hviod 

l-lUa 1414 111 wi^itD a outniin'MiLliiiry on 

Nu|ilr fiU^FEl^rB (lk:& H- bh n ad .itfflro- 

riit Arab^r nvfd Ihrf ii. 17£J; bul ii» i wjmi a (l^g- 

iiatbn of TJiugb falMUjv nn(t ubi^k B^'stnklDs 
ti-nnecl tlio Guj^aiil onarton [??cu b.P.lSiAn J^rtil^aiinjEA 

dAn itHroftaiuii^\i€B iPOlatl^ Bcff. ; jkHaD Am^i^Akbarit 

[Hi) 20 niid 41 (Jimitt^a wlltUrti): 20+ (Buvondtgo^A 

b2 
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tKa Tamhiidt^MiikE^ CMnd^ Al^ar anri tiio 

Hjjidu Tjo&ka, and tbo EtiropeaJi tables.^ in very many 
casea give tln^m ividely cIiiTcrcnt frsini tbnwa fleteriTiiiiwl 
by observation: eapeoiaHy in tho apjieju^antjn of thn 
31™ mooii^, tbc oompiitation 4 ooh not wltli alwirr- 
vittion/' 

'^Seeing that vciy important afTairp both i-pgardin^^ 
religion and tita admiiiisbiEttion of dp|K^id uiMitt 

thoECj and that in tho tima of the rising and rotting of 
the planeta^ and the of ochpacs of felio aim aim I 

xaooHj many oonai durable diiFingr&oiucntfi of a niitaiJi^r 
natnic 'were found—i^prnaoiited it to kia Majes^ty 
of dignity and the sun of tlin nriviamcjit oi 

feUcifcy and dominion, the aplcndoizr of tho forohaad 
of imperial magnificencej the iinrivalled pearl of the aca 
of aovereigntys the incomparably ’brightest uttir of tpUe 
heaven of empiroj wlio^o FffcandnrJ is the snn^ ^!u>ae 
Totinuo the Tnoon^ whoae lance h Mavs and wlwwi pen 18 

^ Sutop hi. OO) cnn rtL-Khrir^^ni, nu jof^iiiELniriur n.nt\ 

uxt'Fc]o^t ^h{> III A.E. lOini Piici w)io ^v-r^rki.^il at tlic 

ifltrrthcicfifail htblaflr Tho Klinf^SnS woro 

th^ EEkii^to tfttloa ijt 'Na^t nild pn^jjnjx^] flincL 

Jamshfd alJCwbh 

’ ** lfiLuEilQ£ ClLilfid> tTi<9 riRtrt>r{]£^ri wIl^^ w^iir |iDNHViMid ttf ^reat 
aoutcEiwa thertMEgh O^nliArtty ni af Dli« 

in tliei MnitiTikinB fif aatrunw^wu UihhjH, tUo fluHFttnnjy<m nf Mina- 
urioA aiid iaterptttctinn atnaifip wan ikpubod |o tte an 4 bh-n^ 

tlniice at tLn pgrlqia af Uko supala of □Ikiuitlty in cirrlor kniKlit 

obBftrTt iha liAppj tiTno nikd usPQrtriJTi 0^01(7 tln^ |ifirirtrl aE Lifth (of 
AJeW). He twpoiiod \n wH^in^ to tikc crcalLoJ cnkik \'\ titnt aac]nr<liii|f 
bo aSUtpUea tnkCidi Iky tJiEk Gi'eak A-HerobLliD &ikr] W ^mJEiiil^tfukjH btiHoEl 
m tiu Qaii^anl tablfiR etev'' Vot J, fiO-VfP, Kd* 

J3e7i9ridga}p Ko aha ckRb h)ko hoiiauopa of Fta1'm33g]|- in A.D. lO^O 
ACCoedEng la tlko fiitek VjlIIooTI {ih. ii, tfflO- 7 , vkQ i, nnd 
374}. 

3 Ho ia iSkfertLika to Ia Hitd'H ^ofT'ono^rifqa 

md 5nVcrnlii'cw+ 



l■LAT3^ i 



^ i>nn[i-i1 :hI OflkvF nf 1 Ul- Runi-.^ uf S3iJhi. riLlL-ilEli, ItlLj 
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Mcrdiiryj wiUi attcwdfmts like VcivuHp wliogfl tlimliold 
ia tile ttky, fiigiieli in JujiLt^srp wIiq&c k 

SatviJi—tiifl Kiii]iOT>i' fbiMiojirlinl fifjtii It juiso nf 

kiiigH^ iLii Abxjuubr iji tlijgiuf.y, tUd Hluuln^r of God^ 
tikti vifltnrioiiH kiaig l^lELhibiEiiiiriil : Jfjiy lio ovc^^ 
be trinini>!uLnt in 

“ ilfr [ilfiwidd !.o I'eply,. Hjiioi=syEit(^ wlif^aj'ulf'nriuvl 
in the myeifceraennf riftiraaets lutvejL perfrot kitewledge nf 
111 18 nntttei^ luivhig ii.s80iHl>ldd the jiHimnonierti aikI 
gcinTietriciuUM of tUfihiitli Inbl]!], and tlio Ib'idiinniiw 
iHul PiiU^^litPi. Hiirl tlid EtHlrif-onojuCi:^ fii Ii[iriipo aiirlhiivin^f 

pt-cpitrccl all the appavatus of an obfierVHk>ry, do you so 
labour fw (rkd attCerUiiuiiig of the pdiut ui 
that tha dlsftgrmneiit between tho calaulatcd titneR of 
thosepheuoiiieaRf itudtUe tiiiiea which t.hoy are observed 
to IiuppcAj limy bo rectified. 

“ Altlioiigh Lilia was a Jiiiglily tsiakp which dining n 
long ]>diiod of tiiim nnne of thf^ powerful Itajo.^ Iiiid 
proaccuLdtl; nor aiunag tliu ti ilnn of blaiii, Rince Ljici 
Liine ol thn juarhjo' priocCj wliosa rijih aic foigiveiip 
MiTza Ulngh tfi tJie pi'eacnt^ wliicli coinprdieiulfi 
El pcriEHl E>l more fciimi tki ea liuiid™! years,^ hiul juiy 
isne of tl^e Icingti iiosseaanid id jiower mul dignity fcnmud 
ilia atLaiitLoii to Lhin object, Vdb to acoouiplmlL tive 
eKPilted cmiiniAnd Jie hatL i-ecoivcEls he hound the girdle 
of resoIiiLina about the InuiB <i£ fus loul ooiiytntc;tcd 

^ MulianiitLiici SIhUl m^ii^ fEtiiii 

-Tkin liavft bwn written lielam 173LI wimn Nadir liliuJi 
iHneked Udfii. 

^ iJtujili Wfix iu wliiJo Llict J 3 i/ jl/tiltrftt- 

x/iaeI iSMlrl siEppoHcd td \iuvm Ijifidn publidh^ in 17^S, nxiproKi- 
iH tteiy 2&1 Muiliiti wCter 
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several af tb^ Lrnsti'iiirijejiiiH nn Nbm'Vjitfli'Vt 
fliioli 113 lad been dYetCEl aL 

to the MusBuluiEiJi bfjuks^ ^Utili aw fd-nuhjit^ (d britSK^ 
iu cliainctoi' tlirea nl the iiiczmiue^ \imy i\\ iEij«, imd 
Zut Eil’SJiii'lattuuLj^ aiici ZllE. iiE-ZaL|al;jun, ajul 
Fttldixi mid Sliiiiiitilaii.^ 

" BuL Imdiagtliat buititi [iisLimiiriilirt diilnolouiiUMifk 
ti> tile itlwiti ^vhicli heluLd fnrniutl tif iicEeuniuyi 
el the atnalliim of tlieir abe,** tlit want of liiviaun] 


» At. UaM, 

hikYit verj* [\ix\v LuftiL^iii4ticrtii ^ll^tlll^va^JJfy fiL 

BftnFui'uuild. UitHiVt;^ aljik-J thul fclu? CjllncIruOl uhufI Uv^ 

^[^1 hji liiglL he BEiiELutiit cif £^tj. at C'DCUtalit^Jjl^Fnbp of fiIpoUI 

Tlin cflrtEiPf fllodiiii ftytroJicincin^ jittfE ahi.^ djuViKnci Jeii|^i 
iiWfirtmiciatHr In A.is. U^r?- AM Wnfa waud E^ linnUfunt u£ nulEsai. 

fout iuuiiL-a ; al-I\Jiujiincli titwl n iviih njifEtlPE Jj-7 Ipul 

0 Isfasr a.\ -DIel not hiiLiiiulf ^\in tjiRk ni. yinjt Eimbfii iLLOnl.^, 

vix. trolA^iNi^cii dcfi STaWea uMitofftiitii^na 

riii^ IjiayiiMonb^ uriiiEUiLi. yiptmura iLrnUihufiA™^^ LiliiLLP iii 

m]- 

* 3 (/ef^t^UIo^tonlkiurElyt lullsSipr&gi^— 1 J-CpHi 

a|pproaiiuatdyp 

■An jitffiroljLlNs TriU!i twy riii^ uj' yiwtjK. Ih w iritiminm 

yf r^^vin^ AM^LiuUL (inlla It tlio ' kj]l[;[ alhElEjutn " 

(NfiiEKknup I. 31^1). £ii LujiJafi in n Ml^ iJe TitfiEFnO r/liri ttpn itinifni- 
tntftii ^til iic.f hy t^ip oplukratrul rji'/LLNFipn Mitlkiiiii^ 

[Did hm 'iQjlQ b. AbT ^AttniU Abu'L ILaacii] jlIsu wrgki m tEio 
H^niQ iuatTURionb (flutor^ pp. mid 4 Sj. 

■‘Tikis miiuti IlD tlio tiLlika iLM tEip TrEijirr^f wiiLoJL^ 

to irogJLiaiit.lij ^'tsho ifa-vftkiafi uiiIJolI Hon 

pO^DU 4 ; QJid SL. 

■ Jiki is u^dLml sMtiiitih by Hantav. 

* Of. AJllItiinl Chivfudiir}^ of AmlisHl (p. AL)p ^vJup wHlLm 

“ it Ifl impoBHibki tQ ifi;^ tk& par^n of C^io groatoHt ulrtilo by iiioJkJiq yl 
ihp parte oS. qnjAUMEt cirsle. 1 ralbT to tbu 4ELnattnaeii u<i lUa 
insbmmentd uf ub^rviitiuii Itk poui^hli'ji^ii wIIsIl Ulu voitueya nt thu 
bodlFes wbidt tq ba olAsarvnod- On thk iuub]tK!t I bavu uEilargL-^J 
in niy book valjDii Kid^^itl-isikhMd ' aroAd,' LrEiirA 

Sojiiicrt [p. aLViM tba folipwmg iatoroettiLg fjtiotalsiona : ■■ S^I 
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iuto lumutcSj the shaking and ^vcftvLng uf tlwjir axes* 
the displauemont f}f tlio cejifcrefi nf the ciroles, md 
[Jiii aldftiiig of tJiG piunca nf tlm in^riiTnents, he coji- 
ehtdecl tUiit tlie rcMiaoj.i the detcxjuinatbpia of tlie 
uiiflicy^ti!:^ Hiioh ns liijqiaiohiw md Pt{iloiny, proved 
ijiatfnKcate^ iiiiEst littv-o beeu o! this kiiLd^ 

TJiCriefore hm neimtliiatred lit Uiii al-Klialiditt BIleUi 
J] iJiuiirLbiid>^ will fill la the aent gf ijiiipire and pTOBpQl- 
Ity, utsHiL^uiiioJiti^ of iua own iiiyeiLtioo, Bticli as Jai 
Pmka&^dliiuh YmiiTtiinml ikmr^t tko ticDii- 

diuiiLaUr of wfliiclk is of eightesii eiibits and one iiihmU^ 
ou it is u barky com and a half^ol stoiiQ mid Ihuo 
of periceO dtabifity;, witTi Atteiitinzi to tho rulmf of 
gcometiy and adjitstniont to the lucridLoiL and to the 
JaUL-iide of the ]dnca, and with care iii tltc inenBUruig 
iuul hxijtLg of thoiiki so that the iiiauoiiTaeio^ Irom tlio 
shaking of the eixeks md the wetir’iug of thoit njcus 
und dleplaecikiont ol their oentroa and. the jjio^itiallty 
s>f the iniiLuteB might be otnre^feed. Thus an aceuinte 
method of eoiuitructiiig au obscrvatfiiy wjis ostablkhe^l 
and tlio diilaroLicQ which lind existed hetwoon tlic 
ooinputad and observed plaaca of the Axed stars amt 
pkiiete by means of cpbsei vijig their mean motioiis uml 
observatfojis wns rtanoved. 

''And, in order couhrm tlio truth of those obeerva- 
tloQSj lie coim true ted iustiiunonts of the euine kind in 

m, diBalb Ebi^CkirfLiH uii oorob qnJ A'tipfHtyai i\\\n 

(3^16 aiirlcd PyfauiidcdBi lId I'ndtita- liiir 1o moikb ALoi^ttoiLin ■ ju 

fni^ j car plufi rintnioiwit iHt pine Iw Ofppriflbbni eoiil. justw/" 

^ j.e., Oolhi. 

^Tci imkii Uia ]niU4Aiit^:Lumiti« l£t, the mkil mwhi tavu boua 
A l^i^gD raibiti^lCS itnifijlu. 



Is A GUIDE TO TfiE OLD OBSBRVATOUtEQ 


Sawiil Jaipni', Muttra aud Beuattie and Uj juiu,^ Whan 
}ie compared tLeao obaervatoriefl, afto; allo^vijig fni: tlio 
tliilcrcncG of longitude botwcoii tlio phwJOS wlioro tlioy 
stood, tlio obaeivatioixa agreed.^ 

"Hence ho dotenniiicdtoorootaimilEHobtKyfvatoi'icB 
ill otlior lai^o cities so that ovory pojwui who is do voted 
to Uiese studies, iviieuevor Ite wislicd to nsecirtniti liio 
pliice of a star or the rdutive situation of one sbu* to 
unodior, uiiglit by these iiistrlinicnts dbaeivo Umplieiu^ 
mena.^ 

I 

Blit AGDing thftt in many ea&c^ it ia ncccasKuy tt> ck*- 
tciiubti x^aat ot futiiio phei^omeiia; aiwl also tlv^ih in 
the instant of tlieir occurL-eno c oloud or imi Jimy prevcij i i 
the observatJou—or tho power iukI opportmiity of atxiuaH 
to an ebservatory nay be bo dcemocl it jiccija- 

sary that a table be couatri^ted by ineaJiJa of wbieh 
the dally plaoca of tbo stars boing oatoulatc^l every 
year aiid di^osotl in n calojudar may ahvayj^ be m 
readiuGfij. 

In the £4ino manner as tlw geoiucteiH and ikHtre- 
nomeaB of aivticLiuty bestowed lisany ycarB on tlic priio- 
tiocfl of observatioii—thuai foe the catabliahincut of a 
certain inetliod, aftoi^ having comstmotecl tlieao iiiatra- 
mentg, the pJaocs of the stars were doiJy observed. 


^ THffl irapliQS thai^ tlid DdLI Obe^imr&tcry WeU 9 coinnlotoil toforo 
Iho othdiirs wdrt startoJ ? unci that aJi of tlLOtai wora liiult Tiilere ifuj 
prdfooa ^raa “cvriWdHi. Tits clBteft tilts nnsko* p/tot I'J^i nnd pudmiH 
after 1737 . 

" We miiflt fiHiept tins itateflscats rvLcictt iserfiMjIs ajjrMmfltit ^JtJi 
BomcK aftalion. Wfl htm vwy few noorda of JuJ miun\ 

ofticuLitiQnB OT olsBQrv&Moiitt; liid v^lua for prsceSihr^ wa« jl 
yo^t aisd for tbs 0. 

^ 1^0 jKro jewt of hoillliDg olsBorv^liOriM At, otbor ptacioa w&a novor 
^tttDd ovtp 





n 


"Aftor fsovdi yciirs luul liyw* n;teiit !jl !ki?t nnploy- 
lucjki iiiforniaLioji av^lb ri:Kkcivcrl tlmii iiboiLt liltin tiino^ 
obuforvatnricaa ]iiid been ctruii^fcenctGfl m J^}i3ni]Hd jtitd (Juit 
I'lio IwirnuLL fpl tliJit rrOinxiry Avt^io eh Uiu 

priPHfMAuthiii ol iiupnrtrin|> m'Etdc: thii 

iil film obFiGi-vnitfii'y avjl.h titiH inii ryln^ cfji i\mv ttiifi i-Intb 
thisy AviTt^ <3Eii3n*UiJtiLly labrnti'iii^^ titikLiiuiiH with ilgoei- 
rsiyy llni Huhtld-iGH of i^ih 

Pnr tluF miHEflij HI'lit to Ihiii ooinktry HEwc'rjil 

Hkniiil pt.'rKoiiB w1i.1l VLii\m Msiniu^l,^ imd liikvbi^ 
proEHirctt t*liG sifiw tuLliiM wJiich liiid Ijguii 
therG tliirty years bcfoifG ituil ]iiiblitihud uikIgt tliG 
iianiG lrii\* aa well us iiltG iiliirfipG Ikiblosanl.orinr tn tlioHi'j* 
on oxfbVknJiin^ \ind compHriJig tlio oiiliHiIiLliiGii^ 
tables wjtrK actUEil rkbpS^rAratiniiB It tUaii 

thenro wm? im ciTOi: iii tlm rorju[*i^ in tbo lurioiret 

plEEto of lull f a fIcgrtG. AltJioitjfjlL tlio crrfkr In ibo otlior 
phtJiuts was not ao grujiL, yot tke iiiiiL'n ejI Jiiul 


^ ^TY^^k^^ itlmliiCH nlniiii viit^Myl in |h 17(S ; I>iili'n s 

I'ririri Umt f JClTfi; lU i Vm j ,^L 

UpKrtn otn, 

* In ]72K uz 1720 t.Eii» UsiVL^minl .t-'iil-lsiM'J^i^ui, rir 

in-MLiil, wiiiiii Ui ty iTin linli'i' rif ./jii Siti^h. I^ci^llity litlu U 

lillEyifmiso 8aft irl f kV- 200. 

^ lift AnIfOtinmrrttc Wnn cauliljKliuJl ill 1702 ^ 

IknitUnr^ whE> yf^n\i to IJ^'JSi^ niul nJaiiJiiT’ In I7^^tp nfittUkUy prifntH Up 
tltiM iKlitinih Jin wHloj*! '"Kis mi Ms^rvjint lUi lik nu'ii Eirrilu i[\^ SF. iJa 
ti^ Edition dci hw liiLliIrti l ?£l2p jjii^ei Tp!!, nrijv Irtnivu iiiin lotirnn- 

mi-ncjnpnivj]tdalV:c<li|ifloiil>cl]|i ]iirHE[ii'd^Ui]4ik Jtii/tiu 11 liudrtw 4U 
iniiiiik'M rtB nriou]]4bi dii iiijlLIii, 2irf/rr.>r» 2KS, 

* Wti kunw iiijLt. 1>eHn4kfs Him'M tn-kltMip ^iiX jMJWUfPWflJ 

fihiiHS oF UllJj^ll TVe;^* ntlll FluiiltOl'OrL 1110 kitU-r'jf wnrk nniltiikin 
ikirio thn tjiklch oFTyE^lLEi tk('11(1^11 lv^ep iLiirt IL&viitiniy. 

ClLlirr po^ibln tublr^A aro iJm 7'nA/r nf iCiHO ; Ulep AifmtHijtz 

12ii2 j ] ioiiilinkrit IftTA i 

U'nLltJt ltf27 i Coyatnrn tEttlcs^ l&CM und IW^ : liDi!J&y^a laldia, 1710 ; 
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hmat eclipaoa ho fo^uiul Uy snit later nr irarlitvr 

than the trutli by fcmrtfi yurt nl a ffAnd fir Eirtceii 
polos Heiififi bo ufwidiubtt wiJicts in Jiiirnyf 

u^troiiouiicEtl ]]i8tru]uc]itA Jiuvu imt Unvn cnJistriaiinMl 
nf aucL n aia<i and largu lliu 

which liavc betiu obstsrvcd witli Lkcni in ay liuvti dnviji* 
tfttl a littlo f™u tUo fcrutSip® 

Binea In tliiij plfu;a by fehi; uld iaT ikn Art! li¬ 

ny r ti^atioJioiuical iiuikuiucnt^'i Inivc lu^vu 
with all the txactiicsiss Iihat the luuirt sisiu dcaii ts md tlia 
inotioikfl c£ thy luvvo fnr u yciiocE hnnji r.nn- 
Ktautly obflorved witli tlicin, ngrucalilu Uy (jIiKnrviUiniiri 
mean motions i^jid yquatiojLH w&ry estjibliaUcfl; hn 
foLDid the oulculution to ugrye ijcrfoctly witli iAm ijIijici^ 
vatioji^ And although to thU day tlni liu^^iuE-af^ ul thu 
rjbiJon^atOiy le eaniod on^ u l^aiblc iiiulur tho iiatnn ri[ 
IIi& Majesty^ tiic^ edktvdow oi Uoih cmuin-elniinUng thn 
luoati aooucatc rulca^ and mout vei-tcc^i nn*.tkOEU kA coin- 
yutatioji waa oonatincted—^ tliat^ ’fthuii tlui pluncki ot 
t!i£ stOriTfi and tlio appeaiaiiyfi of the new nmoiLH and Lliu 
cclipsee of the mi and ]]inon mid tliq ennj inuition of ihn 
heavenly bodies arc competed by it* they \muy Jirrivit 
as ne&r as possible at the truth* wiiiolii iJi fuel* in uvciy 
day seen and. coJifirmod at the obBervatnry. 

It therefore behoveth tlujsc who EiiXccjliJi tldefait, 
in return for so great a benefit, to orE&t up tiuiii ]>myorrj 
lor the loug coutinuanea et the power and \k^^ prfMi- 

^ [/At9fi=9^ mijiLitK^p ruid h7 kumntoeh 

^Tlio iiitrtniU3i»ii|ii UU&l hy fUitibiwmI (1 UJLUlT 111} wutii m 3tOn 
kox&dist dI 0 mdiuB ; it C£UiLdnL|tt; tL uiutui eucr uf L-^U 

fi^laoa oiui Ifnliu^ 7 fant^ ^ iliidjod with IllXllttU; UJ1a|]^SiHJliii'Jn^iI 
[iiiilwiLlli wlki^kk ^\iUh ikLCifit v^iiiL^blia^ \mv\i ; 

i\VQ oi[>okb Dtiii iwy xhIhm&u^hm. 



JAl SUfGH 


ifl 


H^irEty of sjo gootl a ICingi^ tlic Htifpgimvd of tlio sartlii 

Find iibUiJt for 1 iLuiLi 3 R 4 'lvc^» h bloafling in bnrtli 

^ MEikiiJiiiiiiMl Kk&fh dkil hi A-i >- 1T4H ilvi^ytiiLrK aftpr tk-o ilunbli 

of hfni SiiiKk. 

am PFKfiiM flJjfhiEf tfui [ii^riuui tliiiFi mti rfiiitu 

iHnuuHk^Eili wkh ^■Ai^h Liiui fuuLiHH Tkti t-m-JitiQil in thiiit 

EJ141 Sitj JlHhiiftimtffi Sh^Ofl ivtui viiinhi A.l^. L 7 ^ iind ttiia lu, 
lomiKUHTjik'iiliHULHiUrJiiniiliy lln3ihii|mr ; rtiP prvfflwwflj TFritlHiii 
MiukLi tiiim iLrUic aLL thu ^khuorv rttuL-kiL:}t hud i>ntk hihitp lluit w jk-ft<3r 
" lllm-n iImiII n101) ytiiWfll " idkr (IHu flf) Ulu^li Bc^ 
LUlkkyh lUi^l Ui AiL HTiil, litiicL ti^d4-:S[l1M L AJL^A U. 
17^^U-!1. A IcmjiJjiukbQ iTduiihiiiioii In tlmi tlko ijnsftLfid wlib 
mmis ^iikldfxmhk tSfikgi nitdr bhu ijAd li^^i opiitpiabod. 



CHAPTEK 11. 


The iNSTfluarEifTa, 
i, MelciL htsli'wafiids. 

Jat Siiiglli himsiilf I'dUi-tce tJiat lio fit'bt nonalriiisted 
orliain metal u^strumciite ‘ egrccalilo tn tlio ill'iimtlinitii 
’books,’ and at Jaiijui' tlioteis even Itrt^v a fine coilcctifni 
of such instnunents, The motal instriimontH oiigliutlly 
at Delhi wore possibly rouiovod to iTdpur, but it i» al«o 
possible tKat, whou Delhi was Bnukod by Nridie Sluih in 
1739, scune of the portablo instnmcivts weto oitlior 
destroyed or oarried off, Tliero is, indoed, cvid«inoe 
that appears to indicate tliat tho present oollectiisi at 
Jaipur does not pttsterve oil Jni Singh’s metid ijiNtrn- 
ments. In 1790 R. Burrow eofflTninocl an HMtVfilnbti 
*’in the Ifiigri oliamoter, brought by Dr. Muckinmi 
frorti JaynEigtir and recently at Delhi I wis dtmwn a 
small brass sphere made in A.D, 1C77 by the designer 
of the Jaipur Zsrqall inatrnrnent noted below, and witli 
it three astiolsbes. Tod tella os of a dial " on the 
tci'i'aee of the pakoe at Oodipeor, and variouis iiiatru- 
incats at Kotah and Boondi, especially atiaimlllary 
sphere at the former, of about five feet in dianietcr, 
s^ in brass, got up under the scholaia of Joy Singh.” 

so 
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At tli.Q LaliOTft ^libltion c^f IBM ccrtam Ijxass a&tro- 
nominal niatiiinieivta from Kapuxtbala anti otliev pluccfl 
wtiro ; and tlicaQ iiiebtdml two fino aatroJabca,*^ 

oiiE^ apUoiiionl and ol\^^ plfiuo, and aovcra! [Jiula. In tlui 
Ljbkoro imiFiOLini ia a small aatrokbn (d unknown ]m- 
IrOiy, inifl in IIlp lucliau Miifleinn at Critnnttji k tnifl 
tkjLt wfiHbrtsEight froni Tiarat, hut bm/; afUi' hTiiI Bingli'a 

I'lte nmi'o important t>[ tho metal instnmiuntH at 
Jaipnv iiidiido (a) tho astiulabo shown in plato [t) an 
AHtrolttho dated tlio Slfityearof roigjtof Shall Jaltaii 
and A.H, 10G7 (=A.I>. 1&57), (t?) a Zaiqull aakolnbo 
dated the SSrd year of the reign of Aarfingsfleb and 
A.K. 1031 (=A.D. leaO), and made for We^mb IftikMr 
Khan of Jaimpnr by Zia ahDlii b* Mulla (i^ini, astro Ubo 
inakav of Laliore^ {d) two very Joigo Jistrokbca now in 
t.liEs Tuipm: olsflorvatotyj erne of whifili in ahmvii in 
phitf! ri, a giiuloatod 1?rasa oirole, 17| fOietijh diEE- 
nioi.iTj now in the Jaipur obHei^atory^ and wlileh in 
partly viaiblo in ]jlatD VlII, {/) two cr|tiutuirial oirckrt, 
hImewii in plate [ff) thoKruntivritti Yuittra hIiowji ju 

T}i& (tJilrolahc- 

Of tlicfle motal iiistrmnonts tbo aatroinbo appears 
to liii-vo played fv very important part iji nTai Singh's 
work. The Arabs pcsrfectcd it at a very early date and 
it remained one of tho priiioipnl astronomic at instiii- 
incnts lo^til about the I 7tli centUTy^ and is atlll used 
in the east for astrological puriioaea* It was usually 

^ ifaeTnftl Qt tlig AsUitio oE LMl, X, p. 7en 
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of biass^ and varietl in diameter from ft coitplc of 
inch^BE to sovend feeL. TIic tnajiner^B Fistrolftbo (ns ncie^l 
by Cohnnbus) ivaa adapted from tliat of tkc astro- 
nomore about A T). 14S0, but was suporEcdcd by 
Hadley*a Quadrant of 17^1. TIic fatuous fwhobir 
Gerbet, wJio aftcL-wiirds bccamo Pope Sylveettr 11, bad 
such skill in making astrolaba^p eto.j that lio waw 
supposed to liave sold bis aoul to the devib Tlierc 
arc many refareiicos In inedlea^aL litorittiir& to the 
astiolftbe. Mora tliaii three centuries before .bii Hmgh, 
Cliaoeer wrote bia on tlie Astralabo, “Trust 

welb” ha says “ that alle the coneluBions that liave 
be fonnde, or else poasibly might bo fouiide in so 
iiobb toi metrument as is eui Astrolaho beca nnknoTre 
parfitly to any mortal man in tbb rogiouu, as I 
suppose" 

The iype of astrolabe principally used by .Tai Singl] 
wa& the Sat astrolabe, or asft'o/flAirm 
in Arabic called Zai filr^^afa^h (* conBistdng of tablets 
an example of which is shown in Plate I. A brief desorip* 
tion of an astrolabe is hero given, and for further de¬ 
tails the reader is lefoired to the larger work. 

The cffTpw.^ ii^tf'vohbn is a eiicular disc with a mifierl 
edge into wliioh fit riie aovsral parts of die instra- 
meat i 


^ G ffwioT Tofflna to oao of go 11 ! i Witli him hiu natmUbp ho rmniD, 
wlaich was cF ELrtD goUl ^]m:]nniR, wOJi pafntd and flirdtei miiivftllfliitfJ' 

TIi& Gmontln itaProiTnhp. ((ca£ir[l>cd by Hh Sh Coopur 
h(vp flilTw^knuhft on tmh pn^ntorof tbo" anknbiLi fn tho Brithh 
MufHiiim ftiti j&VEjnd inkhl with stiver j atvcI olheti ovJduntTy had 
flotno Hort qI jowtil ^tsod ill tiha htrH. Gilt ijastminciita Dot 
pUnoiiiEmjii. 
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(i) TJlq cDuULiiiijig i\im is tui-niod tliu (Ar. 

and tli0 ijuiyi ]^siH of fins h triis viyitin*^ vchlaili 
1!^ often liiGcribGLl with Intitndos mid [tT 

iinportaiit oitica. 

\ii) Tlie * wwfoto hr nwitim ijt la mi hpiin-wnrk 
difiQ marked ivitb tke aigiia of ^^ndiiLi' 

mid ft iiiiinbcr of starri. IL iji tJio vontnr imA iuin 3in 
rovolvcfL Tlie l>nini:lu\'+ ojl \v'Ii1oIi flio iuiiuoh of tlir- 
HtiiTR aro ivritlicii Jiiid t.ho jUjiiitH ot nliicii iiulbato tlin 
]>r>aitiiojia of fclie staia ftrateriiied or * ajdintmu’ 

{Hi) SuvQTal thin diacii oi- fablL-^ta, Jtiaiked witli 
iiliuiioan(;ai:atB, aKimiitli aiTtle^j hour ciiolcs, cto., fnr 
variouB latitujcicaj etc,, lit Inut tlie body of tkn aatrolabc. 

[iv) Tho aUudadc or 1-0^01 ves lomid tliD 

eentre on tlio Liick of tlie aE$tJ-olAbu- TSaoh arm kas a 
potforated libtm or ' liilo/ ivlncli is aooictimys hijifjed on 
tti tlio jilkiEkdc. 1£ui'i>x;iua]i iistrolakcjfl ifomotfTii<Ni 
have anoUior nutrker ut label ivif-boiit »igbta, for i(a<i 011 
the froJit of tbo inatratiient. 

{v) TUc tflibluts and alliidada, cto.^ are fixed together 
hy a pill (Ar, //nffj) AVhielv la fastened hy a iPHlgc. terme^l 
by tlie Araba ur ' iwniae/ Tlila wcilge ia tjften 

fualilc;ued btto ftojTio reacanblanco of a Jiorae'a head. 

(vi) Tlie U'IioIei ia siiajjended by a ring (Ar. 
jEihied to tile * tinmh or liandk, ivJiieli in it« turn ia 
riveted to tlio projecting part, him or tliroue, of ilic 
instninicnt. 

(wV) Tius back i]f the aatroLibe gcsaiEmlly lias nu 
outer soak nf degvcwi, and oertaiii other sfinics. It i? 
often inanribc^l ivitli tahka of use to t-hn iiytroki^er 
and geogmpber : the fletails vary fircatiy. 
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TliG aightGr imd graduated ciicla on tha back of fcke 
oj^brolabe form the part of tJio iiistrmneirt used in att-ual 
obBMvafcion ; ’wMa tl^e ^ tablets * and tho ^ 

Totatee) and the grad^iatcd oiiolo 0]i the luiacd 
edge form a very eflSciout calculating macliuio. 

Most of the Indian aatrolahos ftre engraved in 
PeraUn olmTnotftrs* anrl aBtrolahes of any anti^jultj i n 
iThidu ohantcters aro not common, At Jaipur 
tJieifl are at leaat tifo snoh in^ti'ujnentd engraved in 
Uovajmgari clmreotcra, but they aje compaiativoly 
modern. A:s already mention od^ in ITf^O B- Burrow^ 
compaced juiastrolabe in the Nagri character (htouglit 
by Dr. Macktiion from Jay nag or) with Givaucer'e des- 
cTiptionB,” and go^ on to relate that '^Evoii tim 
cwitro pin* which Chancer calls 'the horse/ has a 
lioriae'a head upon it in tlie instrument/^ Morley^ 
cribeii two Hiiidn astrolabes ; and one of tlio DelJd 
astrolabes referred to above is engraved in ffindu 
ohasneters* but it also ia of very crude workmansbi]! 
as compared with tlLoMnsIini instFnmcuta, • 

The moaoitry instruments, wiioli vary m sisc from 
a few feet to E)0 feet in heigSit^ are Jai Singh^a chief 
work. It has already been related how Jai Siiigli dis- 
carded brass inatromenta^ and bnilt toasaTva masonry 
ones in their place His reoaona appeared to be, but 
were net altcgethci, sonuci The brass inatrinnenl.a 
werci, Ixe said* faultyp becanso of tlveiv mobility and 

^ l7S0j Vol. u, p. iSO, 

^w. H. Mbrr£ry--i)ftK;njg;if>W fl/rt 
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Tlis aK03 bGCfertnaa worn and fclwj 
luifcfQo; fclie gHtdiiatioiis wcio too esnail for fiiio luaasuro- 
etc. His remedy was to make large, iniiuovabie 
iiustrnmmte: Imfc lio iJiiia atercotypcd his dcnigaw, 
for tho latter ruid nioro inunohilc nil htsttiinicut Hin 
grcatci: ifl tho {hfdcidty Ell »ialdiig ultemtlnnH and im- 
pi'ovomonfca. Jni Singh saeririoed EacUity for aiiiipo3c<l 

fitJ^iuTioy. 

Jni Sijiglt oIrtEinB to Jiavo dovi^ed tl^o Samrat YajitTii, 
tho Jai PmkfiA, and tlie BUni Yruitva, Thejac three 
ingti'Ujnents aro fiulocd pooiiiiur to Jrd SuiglPa (jbser- 
vaLoiIea, auti umsb ho to aoioo osetont attribated to 
luB povaonal ingenuity.^ He used otlier atone Lixotra- 
meut^ Boeh as the mum! quadrjLnt and oylindxioid 
dial; but wevo not inenliDiied spechdly in the 

pi'cfeoe, bocaubie they were einiunon to many nhservii- 
tories^ T]iey ato, liowom, mentioued m .Tixgaiinritii^s 
intrfHluctioii Imi the Sumr^t Skidlmnlft^ 

TJio inoBoiiLy instiiimejtts include (fi) the huge dials 
(Sniimit Yaivtru] nt Delhi and Jaijnir, and siualler ones 
at Ujjniu and Booiares, {b) hemiepliericEii difih (Jei 
Prakai) at Ddhi juid Jaipni-, (e) aciniutk ijintnnncnta 
at alt the obBOTvatorloap (d) Meridian oircic 3 (Daltfihi- 
iTLOT^fitti Yaiitra) at Jaipur, 0j]aiji and Beiiaioa, (c) cyiin- 
drioal dials at Jaipur, Uijaiu and BauaToa, {/] huge 
fbcedgaKtanfcs (Sliashtarii&i Yantie) at Ddhi and Jaipur 


^ TIe 4 eoutnuib ynih. ttn [m^egduro in IHerepQ is TEte 

Kurepmn Betpaitigt nccognhgoci tho ioQrvi^l>nfty of errer^ eiiii took 
iften^rofl to oDiintocnct k wtUi tlie mieroini^torp vum^er. ti>]u- 
Hoppio MEElitA, ute.p otsj,) E’^xin n meagm m nieful 

juftrniMitiEDAl jiitiinrurnoafi, is wortt meinb hten a!!I Jei Siugh^fi kfgo 
l?uiJdin|!flt 

^ Sc4 ec eeq. 



26 A auiDlil TO THE OLB OBSERYATOETKa 


(h) tho "TfiUed insfcTuancsnfe' (Mi§ra Taiitra) at Ddliij 
and (i) tile aodiae diala (E^i Tantta) at Jaipiai. 

The SomEftt Yantra afl it« name impliea, 
the mmt imporfcMii It is an BqiunoctSal ilialj con- 
eisting of a triangular gnomon witJi the hypotonu^ 
parallel to the eartli'a axisj and on dtiicr side of tlio 
gnomon ia a quadrant of a ciicle pamliel to the pt(UiO 
of the equator. It is,in prinoiplep oiis of tho aimplest 
* equal hour * eim-dinl&. 

In plate in, U one edge of the gnomon, the angle 
ASC is eqnal to t^e latitude of the place^ EF and GR 
are at right angl^ to A3f a^a also are DF and MH. 
If KL 119 the direction of the ami, then tlie aro KG 
inclioatea the time before noon, and the angle HOL 
the declination, or auit'e angular dtetanoo from tlie 
equator. In tli4 nctual stnioture, tlio considerable 
width of A A' and GE (eaeh being over 9 feet at Jaipur) 
practically duplicates the instrumeiLts- Each edge o( 
the quadrants ia graduated in hotirs and minutes, as 
well as in degrees, and eadi edge of the gnomon has 
two scales of tangents, one from /f to JS, and the other 
from Ftc A. In the figure tan HGL^ HL/GR, and OR 
is the radius of the quadrant MKQ. 

The shape of tho gnomon ia gonerolly a parallel 
trapcasitim^ as in plato IIP. In the same figure QE 
represents the posit ion of the quadrants as they cJitct 
the gnootoa^ HO—FE b the radius, and the lines 
radiating from B and Q shew the conatruction of the 
scales of tangents on the edg« AB. 

These dials give apparent solar time, whioh varies 
from day to day^ owing to (1) the eccentrJcitiy of the 
eartii^a orbit and its coinBequent more rapid angular 
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motion la tho wijitOft {w}\m it ia neater tlie aun) and its 
alowor motion m summer; P) tlxe obliq-oity irf tlio 
ecliptic.^ C<macquently a oloek goiiig ircjularly doea 
not ikgree for lyii^ with aoliir titnc. In. India tharc ia 
rukotlLoi: dement of iIi[Tcre>ioe to oiiiiaifleT^ tluc tfl tlift 
fltoiitlard tiino toing Hxod for the foiigifcudo of 
degree ca&t of tkefinwielu or 5| hoiir.^ befoio 
UrcemvUsli A tJibk tJmt will otmblo tlie obficrvei 

to ceiin'ijsiro dial tinio vvitti olock dme is given in an 
appendix 

TKo loi Prakaa ib callod by Jj^annatb. siirm ymlra 
Hroma^i ' tlie crest jewel of all iniitmmoiiLta.^ It i& a 
JieinispIiGJc on tlie concave dds of which ate mepped 
out od'tai]] co-ordinates. Omss wires are atietched 
north to south and eitafc to wcsfcj and the shadow of tho 
intorscctroii of die wires falling on the snrfocc o! the 
hem i^>1 lore inclicatoii the ]>ositroii the auri ui the 
heavena : ether heavenly beilics Citn bo fdvBetved direct 
by * placing the eye^ at tho proper gradimLed 
and ohsorviug the passage of tho body noroas tho point 
of intersection of tho wireB. For this purpoee pn^gea 
aro cat into tho hemisplioro, and tho inefcrmnenfc is 
dupJtoatcd. 

Tltfl ooTiatriictlrai of tho iimtrunient is seen in plates 
1V a] fcd V. Ill 0 upper edge of the Iioii i fapiimo ts 

tho hcrizon and is grFulttnted in degrees. From tlic 
contxc uzinnit]i linos and ibltifcude cii'clca arc drawn ^ 
The pole is at a jioinij 03i the nieii^on line at a distuimo 
fcom tho actual southern point® of tho upper edge equal 

^ Tii'Hih FijXf Uin twajirJneapal cmpawi 111 tuU ntTioFCfti] PCS coin Ewnod 
fiUDf the oinatacn ot hy Ur ioiv ocicondii anly. 

> Thfl t'J^adantSotifi aio iiiVErfiMh 


02 
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ta tile latitude of tKo place. The equator cut# the 
mendiaii at a diattmofi frntii tOio cautvo towftrrte the 
north idso eqiuil to the ktitiide, luul othor diunial 
circles cut Eiho inevidiaii at Abtanei^ oE 30“ 12^ 
and 11^® on ottlier side of tiio equator. The cificlcH o£ 
signs are eucli that when the J^iiit'e islimlew FalU lot Ftiiy 
one of them the coiTcapondhig sign ia oji the luoihiiau. 
These oiieles of signs cut each of the woven dtiirjiid 
cirolcis on the iiieridian, and cut die iioighhonriiig 
circles at the proper intejrvitls, Thrcm^h the jmlc 
Iiour eirclea arc dra’\^iu n'lieuiretieally tiie iimtruntent 
is thus a very effioteut dial* ijhowmig at any iuLWtant the 
local time, the sen's dcoltiiation and the sign on tlio 
meridian,^ 

At Jaipur a snuilar hi^jtruinant called (' eup ' 

m " heiniaphcto") is so couatnictcd aa toaluiw * rising 
aigufi/ In thifl ijistruiuent the edge cl the heuitsjYkcro 
oorre^ouda^ nob to the horizon, but to tiie BObtitial 
coluro {i,e.f the circle passing through tiie pobs and the 
solstitial poinbsh and thus is the Jm Pr&kd& turned 
through a rigJit angle. 

Tlie Jai Prakfl^ is found only at Delhi and Jaipur. 
The diameter of that at Delhi is 27 feet 5 hichea and 
that at Jaipur IT feet 10 Jncliea. 

The E5m Yantra is the third of the steiic inatm- 
menta iriQiitEoned in the prcfitco to the Ztj Mulmmmtl 
Shdhi. Tha PaudEta my it wcls named after Earn Singh, 
a predecessor of Jai Singh'a. According to Hniitcr the 
iuatrunient was also known os Ustmmd, which was the 

■ Ta tTifl inrger rcliima jtifi axpiii,naE*iy dini^ai ia uEven^—Firttn 
XI, il|:. 39. J ft ^ 
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name giveiv by ftl-BliQii5 to aii asfcrolabo on a eylui- 
drieal (orthograpluo) projection lie tlaviactl. TIic l^4'tin 
Yaatra ia a oyliiidricaL int^tirntnoiit opoiL iirt tUo t}4>p and 
bavicg at itii coiitia n pillar. Tkc floor mid tlio iiialtb 
of tire ciiQLdur wall iiro gnuluatml fot ultltudo and asii- 
mutU obBiirvatioKB. Tlie of tho wail Inm tlio 

gruduJitcd ftofir ia {i<|iial tlio diHtjuico hmi tlm 
OlJ 1 Tlforel^oe of tlm coiitral pillnr U} tlio jiij^idu ciE the 
waJI, Til ftteilrtafcfl ipliacrvnl^ion tkn (liHjr in Incikon tip 
intij seotora aiub yonELKpiontly^ jlh in i-bo onj+o of tka 
Jai PrakiiS^ coisiidoiuciitsiry bvitldiiigii had to liu esnn- 
stnicted. Tko walln idar> are broken up^ mid one aoctioiL 
of the wiiU eorre^poudii to sector. At DtAhi tliore 
Eire 30 HootorB, eack of 6 dcgroaSi in cjioli buddLig, but 
at Jnipia^ tlicro nootora Diily^ innl tlioir angle in 

12 d^noca In one liintriiiucixt mul 13 degrea^ in tho 
other, the epacea bctiveeii tlLeiu bciiiff roaiuasttyely 18 
aud 12 degrooa. On eaoh aide of the wall acetloiLe aro 
liotoliCci in will oil sighting bara eiui be pkcoLl liori- 
KOntally- Plato V givea a good view of tlio hL'^trumDnt 
at^ a wlrole. lixainploa of the RTtin Yaiitn^ cxisb at 
Dellii and Jaipur only i the Jaipm^ nialirunmnb iff quito 
a niodtu'n oae.^ 

Tlie (Nimnudi iimtimLcntJa 

iL aiiitpJe and nsofiii infftrinucnt, and oxanijiles of il Btill 
exist at Jaipur, tJjjaiu and Benates. TJio bistiinnonb 
eonsiala of a pillar BiirioiuidiKl hy two oirciilar walk^ 
Thfl central pillar ih gciicraily about J foot higlij and fcke 
Lnnor imll tile Biiiao lieiglit, wlule tlie outer wall is 

^ Iti Tma huiU in ISDl. Tliaro nm aIec* Juijiar iwu ujma]] liaoi 
Yi^ntfiia wliiuJi wero LcaEtutniqtcil ns miHlL4ti; 
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twico that hfliglit. Cross ^totohed froui the 

cardinal p Dibits on tho outor wall, and both walk are 
graduated. Tlio mmi wall h a oonveniejifc height fora 
ntaaito walk on and to look over fclio oi^ter wall. ]iy 
th(^ aid of a niovablQ atrhig and an u^inioth 

(horizontal angles) observations oan bo inado with hdr 
aoeimicy. TJie iut^trumiioiit may bo doiicribcil fus n 
Jaigo circniajT piotreiotor. 

The Ifarivalflya Yantra ['cireubt dial") b men- 
tlojiod by Jagannath and it occurs at Jaipui', U]]aiji 
and Beimrce. It may be dcsoribcd na a cyhiidncal 
dial—the usua of the oyliudet being horhsontal and 
poluting jioitli and t*outh, imd the nortbein ajid Houtkem 
fiwefi being p(uaUct to the piano of the equator. At ths 
centre ol eaoli faoe^ and at right angles to it, is an Irojj 
style suKounded hy ciixjl<si graduated into hours and 
imnutes and gJiatis and p(da^ reap eotS vdy. TJie shadow 
of the ptyk marks the time of the day^ and the infftni- 
roont also shows^ very cSecfeiveiy, tho passage of the 
enn across the equator (the equinoxes}. Jagaruiath 
rainarks that thia instnuneut is not of inncli vEtlnCj 
beeausa it only gives readings for northerly observa¬ 
tions. This applies to seme extent to tho liauurea 
iiiatrnmcDt but not to those at Ujjaiii and Jaipur. 

The Z^akshi^ovyitti Yanira (' mcildiaii oinila *) 
is like the mural quadrants found in most mediae¬ 
val observatortes. It contiste, eeaentiully, of a wall 
lying is fclio ntaridian^ and on the wall ara two 
giadimted quadrants which were need for observing 
the altitudes of beaveniy bodies when passing the 
mecidian. The iiiutrumont corresponds to the modern 
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triiiLsit cLrole. OrigiimUy there oee at oacih obsoic- 
vatoty, but that at Delhi has been dentiThyetl. 

Tho Sbashtafiila Yantra ooouts at Ddlu and Jaipur 
niily and Im i&ally aimtlior form o! mmiduni oirolo. 
It k a laigo grudnattjrl arc lying in the jiieridiaii Md 
built hi a ^fUtlc xotmx " at iho bottom of tho maaoiiTy 
work that aupportB tbe huge qiiAdinuta of the Saiurnt 
Yontiu. A sniall OTiRoe, BOme SO or dO feot abovci^ 
adinita tlio light of the »usi at noon, tuid tlie iniag* of 
thasan on tho graduated itro iiiaiks \nt]i fair acaiiracy 
tlio aim^B altitude. It in tIniB the aperture dial of the 
Miifllims. At Jaipur theie aie two * dttrk roomHj' 
one nudor eaeli quadriutt of the Samtiltf and in each 
room aro two aroa^ the radius of eiiolx being 3S feet 
d biehes. The ^darlc roofu ’ at Delhi ia at present 
iiiacecasible. 

Of other mfusonry inatriuuanl^ there nre the MiAra 
Yantm ('inixotl iiiatnnnent') at Ddhi and the 
Valaya (“ KOdiac diat^") at Jatjmr, There are ttoino 
indicattons tliat diese two inMtrumouta, or mtlier aets 
of infltrtinionhs were not doviHCc] by Jai Singh. Tliey 
will be descrihed when the obecrvatoifiea at Delhi and 
Jaipur are dealt mtli. The mo&t notable leatnre of 
tJie MiiJra Yantia is dte act of for moridiaue at 
Grecjiwicli and ZiirJch on tire west^ and two corrc$pnn(b 
iiig pkeea on the <^t. The Edsi Valaya oonid^ts 
of a of twelve diEiU oonneoted with the neiiig mgm^ 
which show the fluir*i latititdc and loisgltuden 



CHAPTER m. 

The Ohseuvatouies, 

7. BeUd. 

For the DoUii ttbservAtot/j known ms fJi& Jimtiir 
Mcoitur, ’wa liavc tiio foUowIng itpj>roxiiiiutdy oointiat 
elemtots :— 

Latitkido 2S^ 37' 35^ E. 

Longitude 7T® 13' 5^ of GiceiiwScli. 

Height above the Bea-kvdj, 69^ feetr 
Ms^nhtic declination K 1° 4D^ in Aniiuii] 

vfuiation—3'. 

Local time 21 nainnfees 7'T Beconds alter standard 
timt 

The ob^vatoiy ie 3 mile& SI fnrlouga almost due 
south from the Pir Choib, the Tiigonometrical Survey 
point on the Ridge/near to IDndu Rae*e Houae, It 
is also 1 mile 7^ fnrlougfl 32* weat of south from the 
Jama Masjid. In the projeotod now city the olmerva- 
tory botdexB the road leading from the railway station 
to the Secretariat' and Goveriuiient House. It oouse' 
quentiy will be a no-table feature in the Imperial capital 
andj apart from its historica! vaiuc^ it is desiiuble that 
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it Lo iDadc, by BuitEiblo fiurrcniidtjigH and proper rcato- 
raiiicrn, dignified ub pofisibk. 

iriia gtsEicral pliiji ol the obsoivfttory (rintc IV) 
uliowu tlio foUo’^viiig Btinctiu'CH: («) tlie Stimrrtt YiiiitEa> 
a targe CE]ulnoctiiil dutl, [£^} ttio TiU Praktl^^ 
oitwo bcrniuptioTiuiU HtiiustuTts junt to tiicHcnitU fit tlio 

SflEimit Y nintTiVp (c) trlio Itaiu Yirntrut t^vo Itvrge oironlurt 
buiLdiiigei tu tiie ti! tUo Jju UntbuS, (ff) tile MiAiii 
Yruitiap Hurt]I-west e>I tliu SiiiLiiiit Ynninii 

TIlo YEintra tfic tiLiutnil btiilding uf tke 

obacrvntory. It ia tile Ju.i'gtist iind iinjjfiEibig^ 

nltUuiigji 11 ecniaidoitdjJe [lurtiou uf it U belew' tko aui bidc 
of fclic oiirth. It isp indEsent^ built iul>u n ijiiHrltimgiElm' 
cxiMLVfttion tsojiio It) feet deejij Ijib feet fifiiii OEi^t Lc> w&tEs 
find 12 j 0 foot Iruni noi'tli tfj aoutL. The KtnicUiie ih 
CS feet idgK^ u£ ^yhieti (iO'iS feet ib nbuve the enrth^a 
BiirfEtaG \ 13D leet ffuuj. esasti bo ’weatp mid IbVo feefc fs eei 
jiortU te MOuLli. The cifiyujitinl putrtB are tlin ineliinHl 
cflgci tJ the intge gnunion mid the ^iiiiLbuitti iLttat;lir.il 
to it. TJin eE[geB of the gjioinoii point to tba eoioiitaal 
noitb ptilej tlioy nubko ftii suiglo {in'" :i7') ’\vitb 

tlio horbsoji, e[|iifil appioxiinittely to the latitudo id 
DcUdj and are iJtvHblkl tr> bim eiiLtb'rt njitHn TJie 
C[nadrautB (Jlf K (rli D, plate III) are at light: joigion to 
the gnomon ttn«b tliemfoLe^ tlie ciiolesa, oE vvliieSi Un^y 
form aro pumllel tu I-Iiei iiliLiLe of the iHpULtEitK 
Theac tj[uadi'a]itB Lave caali a rtidiuti of iljTj ket, ;uid 
aa'0 graduated on eauL culgo in limiriit degra^H and 
miiLutuB, blie Bcales on the nortlierji edgdB being luarkefl 
in EngbiiL and on lJic Boutkem edges iiE IndiEtii 

(symbols. TLo eilgea of the giuomni aro niartwl ivitli 
of tangeutB^ aa aliesidy oxpJitlnud. Tlio Hbadow of 
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tlie edge of tliQ gnomon on tlic quudriuits gives tho 
Jocal tiirifl. TJie aim^fl clecliimtion U foiuid by obaerv- 
i\\g ’wLioh parli oi tJ;ie gnomon's edge custsa hia dnidow 
on the edga of tho coxi!efl]>oiidii]g qmdmut. 

Ill tho masa of miiaoniy v^otk iJu^t aiipporfcs tiie e»flt 
qundiAiit is n ohouihor wliieU coi^fefiiiw fsliu 
Ymlrii. This is a Ittige gnulnatod hio GO fkigieoH in 
leiigtli, build iit the piano of tho meridiait \ iiitcl tkrougli 
anmall orikoe, tlio sun^ us it pauses dim inertdinn, uhfiLos 
on the aio luid indioatits jncritllHU altitudo, frnsn 
whioh its dcoluiution can bo diroctly dwlnocfL The 
charabor ivas olosed up whcai tlio obaoivtidoiy was 
restored m 1910. 

Oil the top of the gnoinop is a oiroular pillar, wJttdli 
wofl probably oBcd ortgiiiaUy for mugh uBimuth obsoiv 
vatioii^ but which ia dow auimounded by a sniuU siut 
dial of the EuTopeau type. Tho bvttcr was probably 
oonstructed hx 1910 ; the pillar, but not the dial, appeura 
ill the OatueIIs^ drawings. 

The lower part of the stiucture is aometimea below 
the water level of the locality. The height of the water 
varies but ocaaui<MialIy it oovora the lower part of the 
quadrante and the atepa and pTevents itoceas to the west 
quadrant altogetlieF; end it inakea the straotuie use* 
leaa for aatronomicat purpoaee. If the instrument is 
tube aaved^ meansmuat be taken to prevent the water 
poEcolatiiig to the foundationa. 

According to M Siaigh, tlie Yantna was 

built of atone and lime. Hunter and Thom any that 
the edgea of the gnomon and quadrants were of white 


1 Ib'gTunfl iA (Lpd 44 of tto 3firger velum*, 
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ntarblo, n-titl voii OrlicU apcake of marble 
Hie qufldntiits arcs now faced with JLiipj but the time 
gruduations wqIJ inurkcd with a soft blaolc atonOp 
ucatly inlaid into tlic faflo of t]io qinidiEtnt^ Tho 
gn^rluationa on the cdgcA of tlLo gnomon uio HcrutcJicd 
ijibfl tlic lime phihHtor nurfaco mill lire bocomiiig obli¬ 
gated, Sec ftlao pitgo 2G. 

The Tfli Prak^ consUfifl of two coinpleinoiitaTy 
eoivcavo Jicuiiiapheriiap si tan tod iinmcii lately Houtii of t]ie 
Samrat Yantra- Thcii ^metuEo is bent eccil bi plates 
IV and V. Thoorcfcicaliy only a single beiiiiaphcre 
is necessaryj but, to fiieilitate observatioiij pathways 
cut into the Eurfaoc; and the second Jiti Prak&i 
is so construoted that tire two instruincjite together 
allow the completo surface. Cross wires wore originally 
.attetebed across the hcnnsplieics nortli to south and 
enst to west, end the shadow of the intevseetion o£ 
tlieao wires on the concave surface of tlie licmisjilLoro 
indicated the positiou of the mn. The surface of tlio 
hcitiUphcre is marked with altitude and aElniutli 
cLrelcs., the tropioa and mteftinediate cirolen {declination 
]mnvlleU}p etc.^ so tJiat the poeition of tlic ami can be 
directly read off. Also there arc ' ciroles of the signs of 
tlicKodEue/ by which thepartieulirr sign onthciueridisn 
is indicated by the position of the cun^s ahadow.* In 
the Dcllii instruments tlio cross wbca have been dis¬ 
carded, although the pins to whidi tliey dioold bo 
fastened arc still there j Fuid imn roda (2 inch galva¬ 
nized piping) have been fixed at the ceutio of each Jai 
PrakaA. Seepage 27. 


^ Sec pEi^Q Ed aljGVCp nuS pu]gi> boc^. 
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Tlic Rini Yantra ooiisiata of two lai^o circtiliiiL' 
buildij^gB, complenientaty to eacli other, eitmitcd soitUi 
of the Xii PruHfi. ISacli coiisiata of a circiilui- wti\] 
and a pilUx at tlio coiitTo. The height of the ivnUa 
and iiillar^ ftoiii the graduated fiooi, is e^jtiiil fks tli.o 
inside radiuB of the buildiug measured from tlio oimEMO' 
fcieuoaoi the]j]lbvtothn waHp tijs., 2^1 feet iituht^H, 
aud the diameter of the pilhi^r m D feet '\l iiielies, TIiei 
wails ixi\d floor are grodiiatod for reading a}ii3ikLiL]i.H 
oud altitudes. To fiicilitatfl oLaervatifnk tiie Ihhrji- In 
cut lip into thirty aectorSj WiiJi the ajjae^irt IjoUvcoii itl 
the anguhu: dhueneioiiB a^ tlio h>e\ 

The graduated scotora are au]»]io]tcd <m 
pifiarp three feet highp ao tbafc the obsoiwer ann 
h! B eye * at any point on the soalo. Tl i n giiuh tated 
arCp aijaaiJarlyj brehtai uj> by opcaiiug^^^ at the aidai of 
each of wliicJi aro )u*toh<^ iot plntiljig aiglitiiig bara. 
At Delhi theie aio no suck bars in eviEhuLEse but at 
Jaipur they are faecd with brass luid oni'afnlly giudiintcfih 
At Jaipui' the ctiitml pilkr is repkc-Cil by mi in>ii ru4. 
At Delhi tho pillar is gcBdiiateEl by veitietJ t^tripe^, 
eaolj. BIX degrees m width, and tbeHc iieoessary, 

, a pomt on the top of the edge (not the ccuitro) of tha 
pillar is tlic eeiLtra for which the altitude gaiEhiatiEUin 
on the coircspoiubug seetoi and i^ortion t>i the waJI are 
made. The old descrlptionif and drawings hIidw that 
no important struotuial alterations Iiave bcoii uiekIc 
during the laat century* 

To the nortli-weat of the Sannat y an trap and ao 3 nc 
140 feet away, ia the Miira Yantran or * luix&d iustru- 
mentp^ 30 na^cd beonuBe it oombbies bi one building 
four sepamte jnstruiiicnta* Of these the Niyat Chakra 
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EiticiipiHj tlic E>f tlio niul GfinaSRlis nf it 

giuMui^it witli twT> ^TaUuat;<3cl aomtGircIca on citk^r eido 
(plttto TJicso ftviiucincjlus Li^ hi pkujra int^liiicd 

tn tko plimo []{ tlio Dotlii Jiii^ridiaii nt cjC 

H|]]n:i»xi.]nJLkly 77'’ and tSSl"" cuat and wcjit. Tho 
iM'inioiitsie^ jMtiy hci j^ELtd U* ci»rri>P]innEi lio MioriElmiiH 
nt pJjincH lojigStndtt^ ElilTcr h\)in Ddlii hy 

tlioso lUid ti'iulitksn nainra iJrnt'ihvicU aiitl 

Znviohj. “ Nnjvtcy a vilEit^E^ in -TaiMin ivliorEi tiwvv^ itmn 
Ejhscrvntnryj latititdtiW, and Inuj^Itisdo Mr/ 17" 
\i. at rircaiiwidv,” und '* SciEoJtGWp a imvti ii] tlio Pic 
lalnnd in tkci Padidfi enati cif JlLiaHiEip latitiida 

48'’ (/ and Inngitiido in.^ 12' K.” 

On c^it.Uftr ai[ln nf the Hiyat Clinkj^a, iyidj^iincd to 
itj \h half of nil nf]niini£l‘iii] liial, ernipf.i iintwl nn tlie 
sync priiusiple hm t.Im Intgu Sainrnfc Ysintion On tho 
\v{At Hi de at jilie bu ildijig I a £i HetaHid E[iiadraut, l.lnn taco 
nf wlihili Lh lifH-ixohtnl iiiatesnl fif being paydicd tt> the 
iLxis. IhiJitei iitiikea no nieTitio]! of tkith 

Oil the (!n±3t Willi of 1 ;]lo Inithling ia a grEidiiatad neniJ- 
circlc Gtdkrl Bak^liinoviittl Yanti^, nucd hyt obtaijiing 
incridian nltitucksa. Tiie mtilii wall of the MiSra Yaiika 
ifl inclbicd to tlm vertical nt an iLiigle of 5 decrees aisd 
iu marked with a largo graduated cinclcH Tliifi lij called 
die KarkaraBivalay&» ar * Circle of tho sign o| Ci^iicer/ 
As tlifl latiitilde of Delhi nLservatory is 2S° ;i7^ 255^* 
Eind the nhlicpiity of tlio ecliptic \si 22“ 27^ O'" nearly, 
tho ;!cisith distance of tho aiiiip when it oiitciM Cancel^ 
is 5^ IftY, a]iprDxiinatcly, and tlie aun then shines ovei.- 
tlio lioi'tli wall for It sliort ]>eriod, and the sltodow of 
tho ccatropin falla on the gimluated oipole. This may 
be tho nor them dial refaned to by JagOJmath, 
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In the front of the Miirft Yantra is a platfonn 47 feot 
ty 43 leefcK on which are tiae^ of a quadrant of 20 foot 
radius. This platfonn was probably iifiecl for makiiag 
mesauramonts whea the ihatnimenta wore IjoiJig cau- 
utr>ieta3 or repaired. 

To the eoatli-wcafc of tive Mifim Tantra arc two pilkra 
17 fnet apart, end the lino joining thdr centrcfi yminta 
35® E. of north. Theao ato montioned i]i nonci E>f tlio 
accoujita of the obaervatoiy. If they were jmrt uf tlio 
original observatory* they probably supported one E)f 
Jai Singh's metal in^trumentfl* such as are now found 
at Jaipur. 

Hunter states that^ to the west of the Miiia Tfmfcra 
and close to it there wa* a wall in the meridian with 
double quadrants; and Jagiumath, Jai SingVe Fw^Bistant* 
recorded that, in the year 1651 of the Salivahaiia era, 
" with this bistrumcnt, tho latitude of Indrapraetha 
waa found to be 2S^ 39" north, ojid the niaximuin 
declination 23*^ SS"." 


nisiory. 

Tho obaorvatory at DeJhi was ttie first one built by 
Jai Singh, and It la here that the prbicipal observations 
were made, which were bo form the basis of Ida new 
tables. Tbcie is some uncertainty about the dote of 
construction. Pan^t Gohal Ghond gives A.D- 1710, 
and Syed Abmad KMu givea 1724. The latter atutos 
that the observatory was hiiilt '"in acc or dance with 
the orders of the Emperor MnJianunad Shah, in tlie 
soveuth ym of his reigiii eorresijonding to the year 
1137 of the Hegira 1724-35). 
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Jaf Singh tehe ub that he himBeif rGpTCSCiifced tUo 
qucation of preimTiiig now tahloa fc& tho Emi^eror, 
who fincoiuPEigod him to prouocKl. "To aoctnnplish 
tlio oxalticd comiKiaiid lia IiimI roocivcd, lio (Jai Singh) 
bouiid tho gbdJo of icsoluliion about tho IrjiiLB iil liia 
Rouh ho lit licro (at Ddlii) yovct al of tho ijmtruinootEf 
of Fill obsawatcjry/^ TJiia aeainfl to indioata that thn 
coiiHtrucitloiiL wfia atjaitcd a/kr Miiliammad Sliuli u^Leinlcul 
tlio tUroiie, Li 1719 Jai Smgl\ waa appoiiitcfl tlio 
Emperor*K lioutouiuit at Agia, Jagai'inatli xEwortlfl 
obflervfttions made at Delhi in A.D, 1739. Thofaata 
flcein to point to 1724 na about the date of tlio foundation 
of the Delhi Observatory, 

We are told that Jai Singh first oonatructed at Delhi 
braaa instrniuoiita of the astrok-be type in nocordance 
with the Muslmi hooka. Tlieae he found to bo imsatiB- 
fnotory, nndj therefore^ ho constructed " lustrnnnaita 
of his own invention, bxtcU aa. Jai rrukiia and RlLni 

Yantm and Samrat Yantra .. of Htone and 

lime nf perfect stability, etc." In Jai Si lights tiinOi 
therefore, tlio ohBciwatory probably conaistod of tlio 
Samrat Yujitrap tlie Jai Trakafi^ the Efiiu Yaniira, a 
mural quadrant, and sonic metal inatrnmontB. Of the 
prosw^t bnildingfl, possibly, the Mifira Yantra wilh 
added by MadUu Siught " who iuhoritcwl no small 
portion of liiis father’s love of scicnco.*’^ 

E^irly ie$i^nption^. 

Thero are fairly naincroua rafeienaes to the Delhi 
obaorvatory in theaceoujits of travollera of the eighteenth 


^ Tcri3 ii* 372. 
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und early part of tho nineteentii coittnry, and aomfi of 
tlicBo ftroi wortiL rocoidiiig. Fattier Ckutlo lionditsc 
and anotlier priest pn^ed tUreugh Delhi in 17M cni fJicir 
jouw.ey to Jaipar and too]^: fsbicrv^ttiojia of ktitucle and 
ioiigitiido at the obaefvatoxy iifc Dctlih UjifoTtunately 
they have ]o£t on record no deaci'iptio]i of the instrn- 
inonta.* 

In 1790 E^anklin, in his desoi iption of tho oity srf 
DdLhi^^ vvrote of tlio ol^aorvat.oiy : It was built in the 
third year of the reign of MuUnnmiad Slildi* by tim 
Eajali Joyaing, wha ivaa? aBaiated by i\xm\y 
celebrated for their ficierujE of astromnny* from Pei^sio^ 
India and I3ni'o]ie; but died hefore fclie work was com*' 
pleted] iiud it has ainoe been pltindoicd and idinont 
destroyed by the under Jahwuhar- 

In 1739 Wp Hiuiter piibliatiorl® u fairly cojiiplcto 
acooLuit of tho Delhi obsoi vpitury. The Ifsit of bnildijJgB 
and tho dcflcriptinns he gives slmw tUatp to the west of 
the Miira Yanti a and oluse to it was a wall iji the plane 
of tbe jneiidiaiij on which tos described “ a double 
quadrant Laving for centrea the two npper corners of 
walla.” Also, in describing the Mi^a Yaiitraj he 
makes no mejitfon of the tliird quadrant on iJie west 
aide. Beferrijig to tho Samrat Tantra he states is 
built of stooe^ but tho edges of tlio gnomon and arches, 
where t)ie graduation was^ were of white marble^ a few 
small parti ooa of whioh only remain. 

* 

^ jIji Aoefptfaa p/ the pre^Jii Jitute 4?/ ItrlJiL "By LftuL PnLRklin. 
jlfiuttta vnl. iv. O^p p. llulLAmiUiid SluUV b 

OOTnmBnnad in I^J^p ^]]d Jui S^gh lU-ediLi 1743=. 

“ A«^te Mu^rchte, Vi ITS&p 177/, 
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In 1303 ■\Vi!1imn Thom visited Delhi^ and 

1fttej: wrote a clijacriptioni of tlio obaervatory. Hia 
dpHcriptloi], howevof^ b aimpJy ft siJinniaiy of Hunter's 
(iiid U(' gives no ftdditifljml in formation wliatsver; 
nltlnnigb \u snnmtimeft e[ noted an an authority. 

Moon afUirwiiirdN, lilid DaiiicUftgjivo two illustration^^ 
of the el lief fcaturcK of tlie obisLifVftlHnry, Theao are 
rr.produoi'jd in tko large]' voltune (iigiirea and 44) 
and they tJiow tlsat during the last luiEidred yfiara very 
little alteration hoB really taken plaec. 

In 18451 von Orlieh visited Delhi and made the 
followtiig iiote^ about the observatoiy : It lies m the 
nddflt of mfljiy ruiua; hut it was never completed and 
koa bceai, unhappily, so ^vantonly dilapidated by the 
.Tvita that tlie shattered iLuns alone arc to bo seen. How- 
evej', enougli reEnains to flhfjw the plan of this fine 
InnUliiig ; the colossal Hiin-thala and ijuadiants^ which 
upon laiigo nrekess arc fonued of Ted ^sulstone 
And krichR^ and tliic fiKcent to them is by handsome 
winding inafhlc stair cjises,’'^ 

Ncjct- collies Syed Aiitoafl Xlmn's desadptionj^ 
which WFI 55 trainslatRElhy fiai'cSn deToasyTliis account 
is not very rcliahle, but tlie orignml work contains 
ROmfl rough but vaLuable drawings of the iKstrmnentiiH 
We leiid * ** Now this observatory baa fallen Juto 

< itj iifc Ifflr ifl fittUn raritfticii'tl % Lmd Laku 

in /SIR, ih /7/. 

t Dfir.rriat LSIl£>r V., plniol XIX and XXi TIse 

ociai™il UrawinjiFi for tliran mnnt Jiirvo. \w^n inniiti nbmit A.JJ. 

^TrtiixUin Itidiiit rjtnlttjxi, 1}t4^^ p. 40. 

* RE^jiHikt^l VSTGl 

B V- xv^ IBBa, 


D 
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min; tltg ijistrumeny me broksij Jiiul fUl traces of 
die linc^ of divisioii Iuivg disa^i^p eared, etc.” 

Later wtei-a tci Dollii give brirf jiotiecs ef tbe 
cbscaratory witUj in two <iases^^ iiitereathi^ ; 

Rivd in the Dolln is iul [iitcTci^tiiiji^ 

of miimovni rhite^ wliicli ^iliowa the obiM'ivittnry in n 
Tcay dilsijiidatcd conditian. 


Rcslorfitimix. 

In 185S tlie Raja uf Ltipitr, fit tlio retjuivat of tltn 
Archtcelogicn] Society of Dellii, parf.iully reiatfffed ttie 
Samrat Yantra. In 1910 His ITiglrricaa tba iircseiiL 
Maiaraja sanctioiied the jPOinplcte reat^iration of the 
ebserratoi'y- This entailed tlie robniklbig of some of 
the instriiTnenta and the regraduation ol all the eoalca. 
Most of tlxe giadBationa 'ft ero, unfortunately* done in 
bjne plaster and are already beoojuing obbterabedH 
The European dial on the top of tlie great gnomon 
appears to have been added on this occasion. 


2* J<tipuT. 


Tlie dements for Jaipur Ohaervatoiy are approjd- 
Diatdy as follows:— 


liLlltudo . 

Lon^tado . 

Height aLovo sfla-lovel 
hfAgnotlo dDolitiaUon . 
LucEil timb^ « 


7 iS“ 4 l>' iN-r. 

I,GB3 foot. 

E. 1“ ST/ fit 1019. 
m 20 niinatoB 42 
nctfiiltla nftcr 


^ OaiT St^lietiL-<^^Ais AnJitEoh^i^l anJ Bt'ntQtvA 

tfikthif 1870 ; And H. C. FenfrliAWf, Uditit, FaM ani 100$^. 





iUJtnnNJt 


nc4 t^fH. leea t i^Q 




HEtior^wMii^Fnio trii IwfeiA O^^icij, C 
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Thfl obflctvstcKry is witlibi fclic proctinctiap 

abtmt 200 yaula east ol tlic n liJi It is 111 tui cxoeU<]iiit 

Biaite of ])teseirvAtion ajifl la tme tUo ^sifjhba' of fclic 
city. only rlocrt tlio nltsfirvivtory cnut^un masomy 

i]^»tTuinrutR bticli thGasat hni aUn n number of 
mctjtl ijiHti'uniQitfiS of va:y iHTuaiflentblc ititercst: juid 
in the Mofusum^ onfc?ifk tlio i:ity waits, aie otlici' aBtrcii- 
noiuicul nistrmueiLtia that, no doubfc^ forisiorll part ni 
Jai itstroitoniicul E^tjniiiiuoiit. Ttic phut of tlie 

obftorvatoiy [plato Vll) ahowu t]io ^oneval ariwigeineat 
ol tlio instnunciits^ tlio ]jrind]^nl baing the Sainriit 
Yantra, tlio Oai tho Eafii vaUya, tlio bige 

astrolabes^ ate. 

Samrat S'antrA-^—Tba large Samrat Yautia is 
sitirated at tlie sauth-east corjior of the observatory 
cncloBUTc. it is tlie largest of all of Jai Singh's irratTn- 
ments^ being nearly SO feet liigli and M7 fcot long, 
tike ratlines of eaeli qnailnmt being leot 10 iuehca. 
It is graduated to read to seconda. but tliisia in^poasibia 
iu practice, owing to tlio ill-defined abadew (due to £Le 
ftisia of the pent^nbra). Tbc taugeirt scaIce on the edge 
o/fcbo gnomon cannot now be used, owing to the in etrn- 
nient overlooking tlie palace s^eirana taicloaure. The 
readings of the quadrants appear tE> be dlglitly jiiooji- 
iiislioiat, tbe euisteni quadrant giving readings that are 
abont two miniitics outp ae ooiiqiared with the tisue 
registered on the westem quadrant. 

Tlic generEil structure is tlic $ame as that] of the Ddlii 
inatruineiLtp but it ia of aoinewhat more einboxato 
construction and on a larger scala bike the Delhi 
inatrument, the foundations are below the gromid 
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1<ivd, but the floor ia and pioper EirrangeincittR 

arc m«s.de for dtauiagc, 

SbashUmsa Yantra,—The Siiaalitliariifirt Yantra^ i>f 
BOX taut iiicttuinent* is ^ luigo coiivsjx unj uf 
ixnd oi 2S foat i iiLciifta ratlhia^ uieridinn* 

There are two ptiii'a of such arcs buiJt into tite ciii^ioiy 
that supportFE tiic east and west eTids of tlic 
quadraiitfi. SmaJl holes in the roof of oaeh iittriTotare 
aLloTvs ti]ic auiiJigltt to fall on the aro at Mom. Tfto 
inatrumenfi is capable of giving v^y ^loouratfo refill 
but the reedinga are said to be in ottot ti> ftbout i 
mmutea. See also page 31. 

H^ivalaya Yantra.—The Bafilvalayap or ecliptiG 
infltrmnent/ oonaists of a collection of dials on a plat¬ 
form to weat of tic S^imtati Yantm. There ate 
tw^ve fiuci dialfl^ one for each sign of the zodiac, Each 
instcumeiit is eJsaotly of the samo type aa the Sanirat 
Yantrfti but the quadrants lie^ not in the plane of tlie 
equator, but in the plane of the ecliptie when the partr- 
culat atgn is on the IiotUou^ and the edge of lilte gnomon 
then pobits to the pole of tie eoUiitic; coiiaoi|ueiiLly, 
at the propar moment fcho instiumcant tndkakM tJi,e 
flunks ktitiude and {with appropriate graduatbnw) 
longitude. The radius of tho q^iadraiit ia 0 foot G iiiahcs 
in the caae of four in^tniments.^ and 4 feet 1-^' iiiehcB in 
the cfl^e of the other eight. TIlo early lists de not 
mention the BaSdvalays. 

Jai Frak^.—The Jai PiakiiS is constructed in the 
same manner as the Delhi inatiumeut. The principle 
of the instrument haa already been eixplalned (page 27). 
It waa completely rcatored in IS^Dl, in white niarble, 
and the varioua ciiclas were then marked in difEeront 



JAIPUR 


45 


Qolouiis. It is 17 fcot 10 ijioliea hi diametor. TLe 
mtiumeJit ahov/s Jiud dcHslinatioji, md tlie mgt^ 
DU %hti ]]iD]idku. 

—TIiq KiipuLi is an other hoiuUplioriDal 
mabnijvusnt, mid is pcGiiliur to Jaipur. Tkeris aro two 
lixiiiYiplea—oue btiiig a koiiiUpWe witk its iipi^er edge 
I'eiwcfleivting^ as h\ tl].a Jud Praky, the plaiio of the 
JioriKOU, wliib ill the othcf it r^reseivtn the aolatitial 
coJure, l^ha latter iuclbatea * rising signs' tjxataad of 
Jiioridian signs, Btnyh Kapiilfl. has a dianieter of 11^ feat 
and id a compbto iieinJapliare* tiiat la, no pathway a 
are cut^ aa in tlia Jai The graduated nimE ara 

j]i marble^ but tko remaindex oi the aurfaees are in iiuio 
Xiliwiter. 

Yantra.—Thera mo four msbiunieats in white 
^awTlc^Ve^ but all of them are quite modem (? 1891}, 
aLt-hongh made ftc&cradiug to Jagaiumth'a instiiietious. 
fn pttnoipie they lire onootly the same as the iustrumants 
lit JJcIhij bat are JuueK sseualSetj the laiTger pirii: boinE 
feet 11 iaoiics in diametm* The sectors are twelve 
in number^ otKUipyhig eaoli in one instrumeent, 
^uid IS'' m tlio other. For m explanation of th^ con- 
iitiuction isce 2>age 28. 

Diganiia Yautra.—Tlis Digarfisa Yautca or asi- 
iiLiLtli matruineiit has aiready been desedbod (page 29), 
There la no aneb iiidtruuieatj at Delhi, hut there are 
exanyplea at Ujiaui and Benares, 

Hati Valaya Yantra,—The instruinont at Jaipur 
k n masonry cylinder some 10 feet in diameter.^ The 

^ In tim ^QnersJ ptan ^u£a|« Vi£]t tNe vupp!»Eticg Nasoniy wdrJic 
uct fttuwiik but be:^ IK^. 
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axis ol tilift cytiiidor boriaontnl and in tha piano of 
the meridiaUj and th& iJ^trallol faces* wLioli form tLfl 
diala^ arc in the plane of tlic etjimtnr. T]ia diulA ftFO 
graduated into gfuifis and jmim^ uiul ^ilm Ikoarn and 
minutes, Aceovdij^," fct> (^arrofctj tlie stnitliorn fjiuo whs 
added by Jai Sitigh“s granehun* X^iilftp 

Singh. There are niniilar instiinnonta, lint luuoU 
sEuallorj at Ujjcuii and Hoiuirus. 

CakiShinoTritti Yantra-^Tlio DonstrLiction o| the 
Dukahiiio Vrltti Ynutra, nr mural q^itidEaivtj U aecn 
in plates VII Find IX. It i« of the same principle 
03 tko similar iiifftruiucnt^ at Ujjaiix and Bonaros {that 
at Deiiii has distippcored]. On tim easC keo are two 
quaclrajitiH ef '20 foot raiUiia. liud on the west face is a 
aoinicircle of IS feet iti imh^ rad toe. It was ami for 
taking moritlkiv altitudes. 

The followiug fixed motol inatnnnente also form 
jiort of tile obEiervotoey 

(rt) Two large ainglotliEia &strfllobeaT feet in diometet 
—oTie made of aeinc sixty alieet^ of iroji rivetted 
together* and the oElieir {plate II) of brosa^ jiatclied up 
mth leocL From the iron iiistrLiinGnt the gradnationn 
ha.VO disaiipenrarL The brasa iiistriijncnt is designed 
for latitude S7^N- It lnu=i an coliptio drelo, and n tube 
aightcr qI nxodcrji. woiknianaliip. Tlicao txvo inatrn- 
ment^ may pogaibly be of the oiigiiial motel iustriimoixts 
referr&d to by Jai Singli, 11 m they wore probably 
bronglit froixi Delhi. 

(&] The Ynntru is possibly anotliev of 

Jai Singh^a oiiginafc inetrmuents. It is a graduated 
brass circle. 171 feet in diauj&ter, suspentled so as to 
revolve around a vertical axis. Jai Singh speaks of an 
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instrument nUjnhja (coimstmg of a ring) of 
in diojTictor tUrou ol iJic mcaflure now in use” ; but 
tbo '^di «i-ia (^rcli^ic^rUy tui utimllary q^hert. 

{r?) Tlio YmU^ ia an equator! qL TJiere aro 

two at .Tiu]^ut of ^ fn<st in cliaiitefcei:, Eaelii la fixG<l so 
to revolve ubout an axia patnallol to the eartli^a axis. 
At tlifl floutlioin entl of tbe jixJa of tlic inatioineait 
ia a aopamte griuluatcd circle, fixed on the supporting 
jalkr. The nxia carilcs a pointer, wbioli indicates tlio 
hour aoglQ on the hxed ciick; and the main movable 
cirolc carries an index and sighter. 

(d) Xho (Torquetnm), found at 

Jaipur only, ia qdte a modern inetiunient, bnt is eoid 
to have been made acooTdLi3ig to Jagannathk instriiic- 
tione; and there still is at Jaipur the old nutaonry 
work for a much larger ijistrament of the eame type. 
The KTfu^ti VTitti Ymitm ie used for direet meaeure- 
ineuta of cdeatial latitude and longitude, Iteonsiste 
of tivo hraas eirclea^ pivoted so tliat one always moves 
in the plane of tlie equator and Oie othar in tlie piano 
of the ecliptic. It is more Buitablc lor demonstration 
purposes than for actual observation. This is the 
Tcrqii^ttm ol Kegiomoiitanns [1434-147G), which WQs 
rejeetrcd by Q'ycho Bralie as a clumsy instrument.^ 


HiAt&rjf. 

Jaipur city wn^ built about A.D. and the 

observatory was constructed about A.D. 1734, The 
Cftiliefit detailed description is that by TieffeuthaleTp 

^^0 K Wot? 0^hidit£ dir p. 161, and J. Lh B. 

DrutTBB TjfCho B/iihc, p. SH- 
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d Jeslut MJsaiojiary, Who tmvclicd in India Irmii 174?^^ 
the date of Jai Siiig^K deatlj, tf> 178(5 ^ bat Uiu oadiest 
Tcfsrenoc to tbe obaorvatory is |joaaibly that by Katlicr 
Boiidiar, wlio, witli piothcr j^riuat, vkittKl Jniinii' in 
1834, ajid niada aatrononiicid nbearvatioiis tliera. 
Boadicr makc^ no rotui^oJiccH fin tlia iiiatTuinout^i, ittul 
they wove pofasibly only in tUn gouiwc of tion^itrLiel.iiin 
lit the time of hia visits Hck liowovov, ns ado rsbaeivti- 
tious for tliQ dotei'iiuiiiLtioa of tlie Lititiulo and Iniif^itiide 
of the obsctvatmy itself.^ 

Tiofanthalor'a deaoriptiou^ of tha obaovvaboL-y h us 
foilowB 

“ But a place that deaorvea detailed dusariptLcn ia 
that where astreiLomieal nhservationa are niade: it ia 
aueh a work aa in nevei' nm\\ in this part of the wflrld^ 
andj by the novelty and giandeur of the inBtnnnfefvtHj 
strikea one with astonisJuirLent. ThiB iaige usid Bpaeioua 
observatory Ib close to tbo King^a palace. It is situate<| 
on a plain SLUTOunded by walls Emd was constriictcd 
cspBcaaJly for the cojitemplatfon of the stars, 

" On eiLtering^ one first sees the twelve %ec<ie of 
t]ie ZodiaCj ail arranged m a large circle^ and made of 
purest lime, Next are seen diveTse seetioaia cf the 
Bstronomieal sphere, fixed secording to the height nf 
the pole at the place—with diauietera of 13 or more 
Paris feet, and besides these, some large and small 
equmoctial dials, and some astrolabes made bi lime, 

1 pjJ. SeU-200, 

■Bm PiiUr Jost^ TKjfstiihakr'9 hUlomt^i^qeBt^ph<AtJi^ 
Bp?c 17S&fc vc!. 1, p. 244/ I^noiwh cditlqs 

p. 316/. 




or 
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hImo tt isri 04 :icUtLu Imo mid Unri^outal diid aii^i:u,v(ul on 
it vony lai'gii Htniw, 

liut wiint mnst uttcuitinn \h at 

{ifjvis I'lfiiiEii'iiahJo f<ii' iLci^^Ed fd 70 Ptidfj 

HI id fo3‘ iUi iu Initik 

linuii hIIfIIhUhI iji tfns liLitm iil kkii iiif^ldtsiiL ivitji iin 
iML^lo rtjLLiil Ln ikn of psiLo. tlii:i NUikLitiit 

Ilf Uiis gJU]iiH»ii in n wIlUiIii [iv^liioky uEI 

trim t^iwii mid iM m Jii^^li trlitib il. nuikoM tsim giikiy, Tku 
i^luLilow ci[ Lkib ;{iiciiuiiii l^ilb on a pr^cUgioii^ly 

IiLi'gc ui^trciiioiiiicLtl E{uiuiGtit}k^ of wluoli livii'm nro 
turned. l>o\\'3irds tlio Bky. ib eiitibliicatly ooimtirimti^d 
ill whitoub lime or f^yjiuiiiiLj :tnd itt gFadiinted in dqgrecb 
and iriiiiuti&H. i]i the inorninj^ tko shadow fdlii on tiio 
vt^eateru ^(iiinlrajLti anti m tiic evening on tlmli towandfl dm 
ettat, and, ay tlie giioiiinn lies between botli tlie qiiEwl- 
rantB, tlio arnrs iiltitutLc oari he frnmd at luiy nioiiieiit. 
A clonbie dial, cmirstmated iileo i]i liiuu, ia Neeii near 
theae quadnuitiu. it ia oiinkhi^ed in a kind nf aliamber, 
on either aide nf whieh it ia ntij^ecL WiiLtni the enn 
paahEeH tJie JiieiitULtn a lay of this star enters tJimuiirli 
eaoJi nl twi i J li dea ] li meed ii l a sheet of co]i[}erj. imd wlicn 
tinsae rays Ldl exactly on tJiu middle of the two quad- 
ranla, low hi auLiimcr and id^her iu wintciv ilic sun Is 
in the juGi'idiaii ai^ia and its meridian Iieiglit is J.ndi- 
aatecL 

“ Tlio iiu^tri] LUCS its which follow iiavo HimiJar gra* 
duabioua : there aie tlirea vary huge Jistrolabes oa^ ijt 
eop]>ei', auapendatl by iioii rings ^ a oitoIq nhn of cirst 
copper, dfcled with a ride (or alliidHdo)t nnd deviated 
at the height of the pole^ suitabic for detcEnnuujig tlie 
deoli nation of the aun—for, when you turn tlae Inatm- 
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ment tomrdstbojaim, it will iml^c^£Lta dedinntion on 
liho gLoiincl, 

" I paaa ovcir in sulfaioo sitltet Im importanf. iiibtru- 
niciitap blit a imbtcr wlucli iktrnctii front tlio vfiluo of 
the obaeivotory thatp in u. lf>w aitiisitiim HininniuM 
b3=^ walJg, tlio obaervor ca]iJM>t bcu *:]je iiml neiting 

of the sUra; tlio dial, giwitntsn tuid other 
being in lime plaster prevent one froiii Jtiakiiig very 
exact obaorvaf.itiiifl/' 


ScAtnr^twm. 

The Jaipur obsoiwatory, boing piitimtctl in tlio palace 
precirtetzj. Iiaa been carefully preserved, and liaa Ihvmi 
added to frein tirao to thiic. Poi?sibly fcho Jirtai Vakya 
was added after Jai Siiigb'a roign, and possibly Sfjnie 
of the brass infitrnniQiita were brouglit from tJie JJylLi 
ebactvatoiy, but wo kave no diixj&t information on 
tlieae points. 8oine additions ai^poar tn have been 
mado in IB91, And in IDO] Ifis lligbncsa the present 
Mabaraja decided Uy icstore the observatory OfMni>leteIy. 
The services of IiLcntfiaiant A. If. (lan&tti ii.E., were 
lent and tho ys^ik was fniisherl in lfH]:i, jii wIlicU yeEir 
aJsoLicutei^ant Oarrett, usaUto^lby Ihuidit Oiandradlinr 
Gulcrk prepared and pub li shad an acoount of the ob^- 
vatory. ihoeoiuit, aa fiir aa the do&ctipiiouH of the 

Lnstruments aro coueernerh is an exceUont but tbo 
parts Tolating to the ki story of astronomy Jiru not so 
Toliable. It is dJiUcult to judge of the work of rostoia- 
tioa, as no ids able account of ^e obaeiTatory before tli o 
restoration took place is avaiiabJe^ Coloiiel Handley^ 
in 1836 j gave a rough plan of tka observatory^ m<l 
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& (sf the iixatTinnmxtSji Ijiit not in auflclcnt detail 
lor iiiiriiosofi cf compariaoii.s 

Ujjtnn. 

UiUiiiJq . . .ST)' in' Ift- N 

+ * , 7J?*I^S':S*E of Urti^ti,w!£;li 

ILinglil . 4 « 

AJji-riHji FEmnr.ion 3 '—3" 

ixeiil tiiii» iti jiiitiuUiH hc^iul^jbftor ftlamcliLyiE tiitic- 

TLc obaarvatory is Biiinaticd t;o fclie eouiii-'-vost of 
tllo iirc^cut fJty m t>lio qiuirtei oallwl Jaiaingpoiai, 
nn the nartii hm\k of tJie river Sipra. From the Wa&er 
W'orka it ia half a mile Tlie river hunk h cor- 

roding a™y, junl about a quarter of u mile te the eaafe 
of the nhacTvatoT/ is seen tho lenmina of a well now 
sl anfling In tlio river itself, Tkc observivLory is 125 feet 
north from the dvorp and is hareby in dujiger owing to 
tide proximity l hut the dnihuigc about the observnfcory 
is not under control. Tlierc is a ainall, ikud* apparently* 
frotfh nuUiiU qiitto close by, and ilLo foitnclatioriH of tho 
Digaiii^a Yanfcm have already been partly worn awity. 

Tlio observatory now oe^isists of tlic remains of the 
following i]istrsunoiitathe Samrat Yantm {A in 
plate xi)p the Narivalaya Yantia {^)j iJie DigsihSa 
Yfiiitra {iSF)n and the Dakdii^ovritti Yaiitra {GB). 

These ai-c nil in 0 state of rimi- The fouiidatien^ 
el the Digaairfia Yantra have evidently moved, and its 
walla arc badly cracked. The Dakflhupvritti Yantra 


^ XionrloTi liularC!o!oTil[^l ^.^hibEtSen in 1860 , /Iitndb€iok of /Ac 
/c/Z/tofC Csvrijf, pp. 

^ s/ifftfrt-rjy (XXXVp leoOv p. 34). oriticffsai tbo matlicd 

of Tegbamtioa. 
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is iriolfned to fclic perpeiidioiiliti? at nn angle of aboel 
0 dcgi'^. This U |JOSiribly fhie to the faulty abrnctuiOt 
for tiio fonjidsitions for tliia heavy uiiisa nf masonry 
scent to bo iiLodeqtieto. The Sanimt Yautra h in a 
rUlapicIated sWOp fu’id the styles uiid graduation liave 
ditu^ppeared Itoei tlio H'jirlvjdFvy}!, 

Of the Saturat Yauiaa only a skeletrp]i iv.mairiH. 
Ill tlte general pbin it is siiown as thongli eoiiipldiVp 
bub plate Xtl sliosvs its tLotnal present ataU^, It la, 
^imoticLdlyj of tlic am no si^o a^ tlio one at llena ri!^^, 
and blie ainalleij|ouc aL Jaipur^ nuniclyi 2^ fc^^t liiglip 
the edge of tho gnomon feet, and the riidius of 
each quadrant foot 1 ineh. In oi- tJiu^^sahoatM, 
when Hunter viRited TJjiain, tlie tjnadrjjuifa wcredividetl 
into aubdiviaioiia. l*'io(n the edges <jf the 

qnadrantSp where tlisy intersect Urc walla ol the gnomon, 
lines at right aikglc^ JUF iiii plate HI) were drawn 
□n the gnomon^ perpendicdai to Sts edgo. From tlic 
pointa F), where tJieae lines meet the edge of tho 
gnomon^ scales ol tangcjLts were marked on the edges. 
All these gi'ttduationa liave diaappearc^l. 

Bakabinovritti Yautra (^meridian InstrameiLt ’) 
shown in plate XH. The masonry work ia fairly 
lutsct, but the grarluatioiis havo diaappeared, Tho 
Li^rtiment wsa origiaally something liko fclmt at 
Jaipur, It Gouaists of a wall lying in tho meridian, 
and on its eitst face was a double qnadmnt, tho centres 
of which were at points near tlic tojs corners of tho wtdl 
and 36 feet apart. A portion of one quadrant ia still 
viaiblot eiigraveii in tlie lime plaster with wliich tho wall 
ia faced, but this lb probably not the original grsduatiom 
Ou the ledge below the quadrants there are traces of 
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^ tstfllfl of tdiiigditfi. On the woat aide is a fliglit o! steps 
leniling to nerraw j^latforin nt the tep. At tlie aoiitli- 
wpat end rd tliin ]dHtfnrin i» a small pillar, 2 feet iii dia- 
tiip.ter j iicurirdiaf:' tn HimteT this was graduated 
for idmen^liig tlie nmi^litiulo nf the licavoiily bndii^ at 
tlipir riNiag mid scU-big;” Tlin ]i:;mdiiatJniis have now 
clm(L]r|K^ai'e[E. At EiKe nuddk of tJic platform, and on 
tlaii Ntik\ iH a EiitiuU pTojcH^ticju of tlio ]jani]>ofc, 3 feet 

iiinlitjrt long and dnep. On tiiiH, Tlnntm: tolls us, 
mLH ooiiHtrudicd a hoiissontal dial/" There is no sign 
of thia diid now. As already pobited out %h building 
iH now out. of thn petiiendienL^ and is in some dnngan^ 
of coLla|mo. 

The Nariiralaya or * circular dial * is oonstructed on 
tlie same pi'insiple as those at B^ia3.^es and Ijupur. 
Tt Ls HitLiAted a few feet to tha south of the Saniml 
Yaiitrn, and coiisistfl of a cylinder feet long and 3 feet 

7i indies in dianiober, whoso axis is fixed lionaontally 
ilk tEie ]>Iano of tliu luerEdiau^ tlin laces of the cylinder 
lacing cut ])aTsllet to the plane of tho cfjnator. Tn tUo 
c.cntru ti( eadt (ace, and at right tu^glcs to it^ was an 
iron style, Tiiund which ms a oirolc gradnated into 
uTid f^iibdi visions. The styles ejui gmduatious 
have diRappoared. 

The Digainsa Yantra k similai Ui tJiose at Jaipur 
and Bcmaies. it is Hituatcd quite close to tlie Samrat 
Yiuitta on tho eiisti side and ocneist-s of an outer oircular 
wall, ^1£) feet 10 inclics in diameter and S feet 10 hichos 
high. Oo]ieeiitric with tins is another wall, 24 feet 
d incliea in diamctcT and 4 loot G inches 3ugli. Oiigiimlly 
there was a pillar at the oeutre. hut it lias been removed. 
€h'oss wires were stictohed north to south und eust 
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to m the ontct wiiU. At the fnui points of tJio 
ootnpas^ in tJio outer Jintl iiuLcr \mll^ were archotl 
oponingSj but 4ill of tkose in tlie nutcr wull^ cjtcept 
tha-t to tli.0 w{ssti liJivo bi«ai filled up, Tlie ont-er walU 
ars badly eracktal, and a grciat ]iart. of the framflntiuns 
is now exposed. Tkia is duo t<j llio bud cUainege of the 
slope to the river. TIlo uiillali Quit passcH elose by the 
DJgaiii^ Yantia could easily bo diverted. In Hnuter’s 
time tha buibli]^ was roofed with tiles and aoiivetted 
into the nhode of it Hindu deity/^ so tlmt Hunter was 
onebla to exauiiue its coiiEtructioji. TJus is of iutorcetp 
na showing tlvat, even in the cigliteentli GenttLry, the 
mekument was no longer used for ftstTcjnomioftl pnr- 
posee. 

Thera appears to be no recoitl of any astronoiiiical 
inskUTnants at Ujjain, earlier thaii thoec mataliod by 
Jqi Singh, The date of the oonstniction of Lis obaesr^ 
vatoty is uncertatiip but it wm probably betwcoii 
A.D. 172fi and A.D, 1734* The eariicst loiowii deflerip- 
rion of the Ujjabi obsoirvatory was by the Jesuit prieefc 
TieJIentlialeTj who travcUetl m India from 1713 to I7S6. 
Hi a account^ of tlie obBoivatoxy is aa follows:— 

Not far from there aa it miburb built by UjiSsing^ 
King of Hjfipouij a ei-devjmt governor of this provineOp 
(Mftlwa). An astronomicEkl obaetvntory is to be aeon 
there^ with instruments, madje of eenvoxit: mutely two 
equinoctial diala^ tme large and one small; a guonion 
elevated ooeordiug to the height of the 

^ Siiieri^^'^tPQrfjphtBcht iww ^rYuJir«^]|i vol, i. 
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polo at tliift place, and eet in the inorldiaii; and on 
oitUor flido of this* [3 a (pEidtant oi a gooinetTita] circle i 
also a dial nuitlo in Ihw^ aiid a nicrfdiaii wall in atone/' 
lliQ only otlici: neconiit of any value istlmt by Hunter 
(from wkioli wo luivo alreotly quoted)» wlici accompanied 
die Agra cxpotlitinn Ujjain in 1792-03, 

Ifo brioily doserShoa tlio inj^tTiunciitfl, and Jm atafcos tliat 
Jai Bingk deternnnotl the latitude of Ujjatn to bo 
23® 10' N., and IIunteT: liinisclf took oonatdcrabla 
trouble in verifying this reault, which he cauHtdenid 
correct to die miuutcA 

Ujjain, tJiB Grmmich e/ Ifidia. 

U]]aiii (the of the Grooka), or Avanti 

OE it was of Eon called, is mentiojiod in early Hindu 
astronomical wnika as situated on tJic prime meridian, 
and tradition also makes it the centre of a^troiicmical 
learning in Jiidia. 

It is one of tJio most aneierLt astrcncmieal eentres 
m the world and even to tlie present day la regarded by 
the orthodox Hindu aa the Greciiwicb uf Jikdia^ It 
would, therefore not be inappropriate if Ujjain once 
more became the ccittrc of Hindu astionoirLicaL learning* 
It is doubtful whethei' there ever was a fixed posi¬ 
tion in ancient Ojjaiii which was couaidered ss of ^oro 
longitude. Hath or vaguely, the old city of Uijain— 
to the north of tho pTcsent city^—was meant ■ or, it is 
just posaibbn that Jai Singh cenaidoxed this point when 
he located hie observatory to the south of the lu'cseait 
dty, and tliat the site of Jar Singh's observatory is the 

^ AtiaticMistitrch^Y, 17Mp p. Ifi4t 
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troJiti onal place— but. Ulis ts doubtful. If n. new obser¬ 
vatory ia ta be lootitml at Ujjaiu tiip pluu to follow ia 
to Itx upon a euitablo positioji and then detenuriia its 
loiigitudo and latitndft. Tlio ina]} of the citv autl ita 
eiwiroiifl in tlie larger voUiiiio sJiotdcl be of hdp : it 
gives the position of Jui SingJi^s observiitory as approxi¬ 
mately T5“ ojiat iiC fTreeiuvich, in id a:!" Iff' Ifi* 
iiortb uf tbe oijiintcii. 


4. Bmart^s. 

LfllitiuTc . . . 2f!° 18' N 

UrUfiltmliJ . . . KS’O'tU-r li 

HofgLt flJ>nvfJ f^tta JoV^J]. r(rif> 

Mimjilctifl J4M5ll]inlirni + 45^ (lOlil) 

liOCFil! tiiHfl - - S jniituteH Mti^DnriH iN^foni 

Htaiulnrtr tiuich 

The obsOTvi^tojy in situate on t-aof uf tUfl old 
part of the ljuiWing knowji as the MeniEiaiulIm, wliicli 
was built by Win Singly a BiLjah of Anibei^ \ylm flour iulicid 
at tlie beginning of the acveiiteentfi eeutiity* (He died 
111 A.D. ]GHy This building ia ou the weut bank of tlia 
Gajigea, ncut the Muyi ICainika gluit, and iiiiles 
south-east by south firotii Qujetnrfl tifdlege. Tiic proper 
approftcb is frOTii the river Irout, that horn tlia city 
bebig through narrow, unsavoury alleys. “ Though 
uot very arcUitPotuml in ita general appejimnoo^" writer 
FfiiguBsODj^ (it) has ou tlie river fhee a bakonled 
window, whicJi ia a fail- and pIcaRiug specimen of kh 
(Man Singh's) itge,'' ^ 

^ A UUiafij of ATul Eilsitrjt 4rcAt7<i^arr4p vdIi iii LTB. 
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On tlio loflf of tlio Maniniindira, as ccnstruoted hy 
Man Singli^ and fi littlo over a century after it wag builbp 
Sawul Jai Bingb of Jaipur placed tba aatronoiiuoal 
iuetiunieiitB tliat no%v form tbo obfiorvatiiry. Some 
ti]u& abmit tlia bcginjiiisg nf tbo nijicteoiitli cojvtuiy 
tlio MriJimaiidira apjjuiare to liava been eiiiargctb^ and 
about tlio iiiiddlo ol llio iiiiictocutJi oontnry it wo^ 
roatuiod. 

Theficuoral ptau of tlicTOof of thtapart of tlio building 
(plate Xm) bIio’^vb tile larger Sauirat Yantia (jljd), 
tiiQ Narivolflyn yantra, tile Clmkta Yftiitra (CCb tlio 
Digau^i^ Yatitrn (BD), and tJio sinaKor Saiurftt Yantni. 

On tUc east >va]J of [a a double qiiadraut or 
Dakgliipovritti Yoiitra* and to tlio south of jd/l anotlioi 
DiiloihijjovTitti Yanka^ not shown in tTio plan. 

The Samiat Yantra {AA) ia f>f tho aaine tyi>B 
aa thoBo at the otlier obs&rvatonna, aiid ia tlio same 
siKo an that at Ujjain ajid tlio annillcr imc at nTaipuT. 
Ifci Jinight is foot 3^ inclxcB, tlio edge of tlio gnomon 
is^d foot inches [0Mg» and tlio ii^dius of eaoli C|undi:ajit 
is S) fent iiielies. The edgoa ol die gnomoji and the 
qnadmntB are faced wlfji eand-stonoH and the gradiia- 
tioiiB ate carcruliy marked. On the quadrants every 
lialMioiir la marked by two inlaid metal diaca, the one 
towards the north edge being insE^ibed in Indian 
eliaraotcrB, while the one on the aotith h in European 
figures. Each edgo is also graduated into Tiiijiutcs 

I Cunij;jara Ounpboiri £]rawt^ {npiil-C G7 hi tlio liiTgivr volwnfvo) 

Priisiiop'R clntwlaft. Tlio luttor a pri^cfTL in ilfiRarefl 
Ifjf 11 of JDmwiPFp, ny_ Jfimei PrJnftjp^ Thcrfi if atiig n latgfi 

pointing cif tha Mnniriiindlm by Dnnicll, OBliiiilisil The Ohnl, nc 
tlib AfliatEs Society cil Bongab Cfilautta- 
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(ind quAT^ ; ^tid also into dijgrecs and 

of a d(^oo, Tlio cdgQB of tlio giiojnoii are gi^itluatcyl 
widi the usual tangent A coiupaiiisiJn hatwoeui 

a dcaiving made about MO yeafs ago (ligiuro <17 in 
larger volume) asul a recent photogmpli aliov'i.^u that 
very little alterutian has be^ji made. 

On tlic oaet wall of the gnomon are twe grorlutit^d 
quadrantB, used as a Daksluikoviltti Yantm or muiiiUiMi 
iiiatramejit, Each quadrant liaa a nuliuft of 10 leet 
7 inches. The shadow of oaio of tiic puis (fixeil at t[ic 
top of eaoh qiiadiant) gives the j^onitli dist:a)ioe at iiooji^ 
and EeiiilJi diatancca of otlier heav^aily bodiea could be 
observed directly^ by moviiig the eye abng the appro- 
prSate quadiants. Under these quadrants !s a platform 
(sho™ m the plan) fot the observer. Apparently^ 
in 1773, these qiiadmiits ware not m a:£isteneo, but 
according to Pandit Ea]>u Deva ^aaks they were there 
in 1865. 

The other DalcshiiiovTitti Tontra laa solf-contained 
Jnatruiiient, confljsEing of a wall lying in the moricliaiip 
on the east face of which arc two qiiddraut^ each of 7 
feat inches radiuB. Sir Itobert Barker in 1777 stated 
that diQ quacliantB were of diffei^nt mdii, the Larger 
of which he judged to be 20 feet. If lits description 
be oorreot, th© instrument must have boon entiraly 
rebuilt later on^ poaalbly when the Manmandlta was 
added to. 

The smaller Samrat Tantra oalle for little reniark. 
It iu 8 feet 3 mcLsB high^ and the radfda of the quEtdmjits 
is 3 feofe 2 inches. If tho early drawing ia correct^ 
the inatruiuent has beon moved from iti original 
position. 
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Tlie Narivftiaya (" okculax dial ')* or Uttam- 
ckksliiiio Gok (north and aonth dial), is a cylindrbal 
dial—fclio axis of tlie cyluidar iiointiiig nortli and sou'di* 
aiul tlia nortliom and soiLtUani facc^ hoiiig pamlld tO: 
tho ploiia of tho cf|imt:or. Af; iihe ccrntra o! anj^k Taco, 
a]id ntr right to it, ia a diLort iron atyla ^ui'renmdi^ 
by two oitabjf—t3io oiitor one (foi tho nortJicstii faae) 
gradiiEvtiyl in boim, DtCn, and tlio inn or oiwi in 
etc. Beaidos aervtiig oa ftn ordinary dial tbo iiiatni- 
ment inark$ the oqitinoxea, since the nortbeiii faco can 
only be naed lor snii obaervatiojia i.vltfiii the sun h Jiortli 
ol tlie equator, Tlia inscription on the iPstruinont 
itiEula J —** iJarivakya Doksbin and Uttra QoIch The 
use uf ting iiistnirociit is to find whctJier the heavenly 
bodies aie iii tlic itortliem or flontlicrn keinisqdiere. 
It gives time alseJ' 

Tbfl Digamia Yantra (^aKiiiuitb juatnnneiit 

xnarlcocl DD in the plan, is tbe Jarge ehieukr building 
At tbo oast of the teiTAoc. Tlie exterior diameter is 
* 31-^ (eo4 tlie outer wail is 8 feet 4 inches high and the 
inner wali luid coiiLtml pillar atc eaeJi 4 leet 2 iiiehca 
high, ai^d a^i iron rod fixed to the central piUar of the 
sAinc height na t\m outer wall. The tops of both walk 
ivoro originally graduAted into dc^recSj etc.; and eresa 
wiif^ woro stretclied north to soutli and east to west 
on the ontet wall. The uae of the itistrument Is to 
moa]?iiro aKimutl^s or hotiaoiital angles^ but it ia now 
of little prnoticitl uscj omng to bdng surrounded on 
all aides but cue by buihlingS- 

To the flOutli-eASt of the Digaih&i Yantra there used 
to be another dial, whose diameter ^vaa G feet 2 iiichca. 
It was on a plstforiu slightly higlier than the teirace, 

1^3 
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Eiud approached hj BtapH, At the pr&aent time there 
\b no space to acooinuacdato suoh an ioeliruniciit and 
Campbcll'fl drawing of 177^ sltowt* m* auch inetrutiLciiik 
However, WillianiB iiientioiied that it had been cxeUidetl 
from CampholFs drawings,^ atd it was iivenlioned by 
Hunter in 1797 luid by Paijdit Bapii Deva Seetri in 
ism. 

The CliEikra Vantra is rfiown in the pJaii at OC. 
It la on equatorial^ and woa ooinmon to muet medincviil 
cbaervutorieg. It eonsi&ta of an iron circlo (dcoliiiEL- 
tion oircle) ^ feet 7 inches in diameter^ one inch thick 
and two broad, faced mth on which degrees 

and minutes aro marked- The ciTcle m fixed so tliat 
it oan revolve rom^d an axis parallel to the carth'a axis. 
At the eonthern extremity of tliia axis, and on tJie pillar 
which RnpportiB the instniuientp la a graduated circle 
(hour circle) in tlie plane of the equator. There ia no 
pointer for tide hour circle^ and, according to Himtcr^ 
there was none in 1797^ Attached to the contiEo of tlie 
decUnation circle is a lighter, coiieisting of a hoUow 
bmas tube (figure &S)^ hut this fa cojuparativdy new. 
Hunter wrote: Observations with this iiiatrunient 
cannot have admitted of much acotirocy* as the index 
ia not fumiahed with sights ; and the pin by which it ia 
fixed to the cerLtro of the drc(e is so ptoininetitj tliat 
the eye cannot look along the index itself 

The sighting arrangement ia fixed to the big ciTOle 
by a pin, and tins pin is fixed by a cotter or wadge, 
flhaped roughly into some semblance of a koise^s head. 
In the section on the astrolabe it was atatod that the 


^ Sv}fi\t 1703, i. 
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Arab^ called siioli a wedge faros {* hoKao^), and that 
in incdiacvfll Europe it \vm gencially laado into some 
scinblrmoc of ii liorao'a heivd. Tkorw wliicli Pyn,” 
mobGCIiauccr^^" “ thergetli ?t Utol wegge which that is 
oioxTCfl the horfl, tJiat atieyiieth aile these partita to 
Iiopo/' TJieiG h evidence to show that the liorao 
diaped design of the wedgo wjw brought to India by 
the MiiBliniiij and the C3tainpla on the Cliftl^Ki. Yaiitra ia 
iatarcatiiig aa cvidencft of tlit porsiutence o£ a tradi- 
tioniil design, and iu Bcino degree au evidence of fclie 
ultimate sdutoc of the deaign of Jai Singh'a instruments. 

IlistoTff. 

The Manmaudira ,was built about tive begiumi^ of 
the aevcntccutJi ccjituty- Campbeirs chawnig of 1773^ 
iho Asiatio Saciely painting (dreu 17Ui)* Priiiaep'a 
dra^viug of 1825, and leconfc photographs enable 
to J^oine extentp bo ti'itee the additions mid ulteratioiLti 
niEide. Tiic part of tlic facade that is directly ntidor 
the obfioa-vatory bcloug^j to the oklest part of the bi.iild- 
ijig, tuid that part tliat has no balcojded windows ia 
ooiiiparattvcly new. The fine wtndo>v mi the exfcreuie 
north of the budding was givmi by Prin^Ep in Iub illns- 
tratioiia of Benares, mid hms been deBcribed by FerguB- 
fl&n and Ilavell 

The ujjtTonoiinical instruments were added by Jai 
Singh about A.Uk 17S7> The date is net certain, and 
nearly every m-itor gives a diftcrcut cmei Sir Robert 

* A Tnaiist tfn iJte 14. 

^ TJ1I41 U tiiu ^Ekia ylvc^n by Winiairiu^ wliUi. un mW ^luiubii tbat cim 
bu veiincKli \e uKtrdiLQty toi^ble. 
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BjtTker, who was dmo^t conttmporaTy of Jai Singh,* 
said tihafc the obflei’vatoiy waa hutit by Akbai'; Piinscp 
wrote : ** The builcfing wna converted into an otjffotva- 
tory by Jysirtg, A.D- ami rofera to a siipjsoaed 

description of it by Tavorniei' anotlicr writer givea 
A,D. lODS and anotJier 1700. Father IhrtuUer wJio 
vi sited Bcnam hx 1734 and. made ucftroiicinuoiiE cihursr- 
vatioiiB iJicire makes no mention (if the oliHin-Vii-btiry. 
Jai Singh liimaelf tells iia tlmt> iti order confirm the 
ohseivattGuis made at Ddlii, lio oonstrnctolnifttmincntB 
of the Bamn fcbid at JaipiiTp MatlLnta, Bonarea and Ujjuhi; 
and t]ie Delhi nbacirvatory ivas probably builii about 
1724 ■ that Fit Jalpia- built in 1734, and 'WillijuiiB'' 
date for tlio observe tory at Bcimics, 1737, may be 
accepted. 

Sarhj Desmptimis. 

In A.Dh 17773 Sir Bohert Barker^ who u^ns foi 4 
aliort time Coiuiuandcr'iii-Clnef In B&iigal, iniblftfhcd ii 
dcscri]>tion of tbe instnrinentii, togetlier witli a pemjua- 
tive drawing of the observatory a;s a wliolop and dettul^l 
drawings of the Satnrat Ypjitrap done by Li&n-tomnt' 
Colonel Cainphellp Chiei ELigincer of tlic Coinpuipy's 
service. This drawing ^ows tliat the main foaturea of 
the obBcrvatory are tho aame to-day aa tlicy were 
nearly a century lUtd a half ago. There am apparent 
diiferences^ but some of tliem may bo diio to tlus 
nature of the drawing: c.ff.j tho Naiivalaya and tlie 

I Sir Itoladrt B^rlsisr livwl fm™ 1720-1731)^ nhil wicnt out lo India 
Kix yMim ikEtcr iTni denblih 

• TfiVcnltcr dioii in Ifl&t, tliTfl* ytivtE nltftt JnS Si]]t^h''g hhUir 
^ Sir Robert Indb \a 1713, Hiq noka and tlia 

timwingH wm probably iruLdflfa i773-l3i 
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aniall Sanirat appeal' to havebeeiL tltapkcffll aligbtJy; 
the wall that aapports tho east f^naKlranb la differ^it 
ii\ detail i tlioce ara no gradiiatocl (jiiactraiits on the 
oast ’wall ol the guomoii; the edge of the pliiitli, on 
wliioli fc]>Q Jailer fhiiuLut atmulaj hEis changed its 
Fdigiuneui;; and, in tlie drawing, no plintli at all ia 
diowii for tlie other inatrunioits. From the note^ of 
Williania and ITinitor it appyiwa that the drawh^g 
ib Boiuewliat inoorrecty or, at any mte^ niiflltJading for 
tlic south-CE^t onnier of the tormcci, for it ahows no 
bmoc of tlie aceend NaTivalaya Aaflcribcd by them. 

Sh' Robert Barkcr'a recount of the llenaies obaar- 
vatory WII9 of the iiatiue of a coirnniuHcaticm to the 
Raynl Societyj Londoji, Further infortnatien seeina 
to hiive been aaJte^l for, and this was auppliod by Mr. 
,L L* WHlinmft of Bemirca in A^l). 17^% s-^rhn recor^led 
very earoliil niedi^nrein^ntii and added some uitoresting 
detaih as tlio history of the plaoe. He writca^ 
" Tho areai or qjuoe oonipiiaing the whole of the 
biiilcliiiga and iiiistrumcnts, is czdlod in Hindoo* 
M{iun-‘mwuld; die edig and all tbo lower part of the 
aroap were Iniilt many years ago, of whioh theto 
remnina no dironologica! acoountr by the Rajah 
Maiising, for the repose of holy incji, and pilgrimSp ’who 
camo to pertorni their ablutioiia in tho GongeSp on 
the bank of whieh the building stands. On the top 
of this the observabory was bu'tit, by the Rajah 
Jeksii% for obseiving tlxe stars, and odier heavenly 
bodies - it was begun in 1754' Sanibatj and U ia said 
wag ftiiialied in two years. The Rajah died in 1300^ 


1 A.D. 1737. 


s A.n, im. 
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Seinibat. Tho design wtuj drjiwn hy Jiiggeniaiit aiid 
CKeoutfid imdev tlvc dilution of Sadaslm Malakjiu; 
blit tbe hcfld wdrkmem ^vas Miihoiij tlio sou of 
Muboiij a pot iiuikci' of JapooT." 

hi 17y& Hniit^gJivc abi^iof clcsciiptioa of hbc 
vfltoiy* BUpx^JciifeOJJljiry to fcho pioviouB iiocoinit^. 11 d 
siscftks of tlio Aocariioy of Mi. Williaiiis" nieasTitcmuiitB 
and explains mnm of tbo toiins used ; aitrl dears iiji one 
01 tivo ot-bei pobifcfl. Lt 1843 Sii Joseph Hookoi made 
eiccdient drawings of tltrec of tlie iiiskunicjita, and in 
his diftiy ivKoids^ that ” the obKi vatoiy is still tiie moat 
intaresfcLng object in Beiiarcs, althoiigh it is now dir^ 
and ndnouii, and the great atone instiumCJits are rapidly 
ctunibling awaj*^" The only othci descriptions it ia 
here iicceBsary to mention are tlxoBo by Fund it Bapa 
Deva S^tri and Lula GUiman Lah^ 

Of pTevioua reatorationB we know vtay littk. 
Slieiring stntea that tlie Brahmens '^wore uttotly 
eurolcss ” abeiit ptoaerving the lixstninieiitgi AcGoi'ding 
to Eavdli the Maninandim was restored in the rriiddb 
oi the nineteenth ccntiuy. In 1912 tiio preaciit Midnl- 
rija of Jeipiw ordered the complete reiteration oi the 
instrimieiita. This work wae veiy thoretighly done 
undei the direotloiL the court itstmucmcrp Pandit 
Gokal Cliand. 

Tlie obecrvatoiy at BenaitB liaa long aijioe ecaaed 
to be nacd for practical ^niTiioaes. The Brsliniaiia 
consulted by 'WiUiaina in 1793 nil agreed that it 
“never was used for any nice observatiousH^^ Ita 

^ JotirnalAy tT- 74—77. 

■Sdu cn H. 
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present on mog|j by 

buildiTigB, ia not ideal for oatrouDmical purpoaos; 
and fcho iiiebrummite aiOi of oouiae, very orada 
oompaicd witli tboBG in modern obaeTvafioriea. Tho 
value of tbe obsarvatoiy m chiafty IiiBtorical ] it is a 
monument to ono of the brightest btoUeets of India; 
and it illuetiatoB a very intereetmg phase of the 
hUtory of astronomy* It miglit have another value 
If advantage wexo taken^ namely an educational one; 
for the demonstration of the elemoiite q£ practncal 
astronomy a better set of iiiBtruuieuta cotdd hardly 
be devised, But, apparently^ aatioDomy is no longer 
studied at Benaroa, Ujjaui and Jaapur. 



CHAPTER XI. 


HiSTomcAL Perspective, 

To UR to place thc^ material collected m ita 

proper liifltoi'ioiil perspective it ia iicccaflaiy to aiirvcy 
briefly tke developjjtmit of aatiroiiomicsd science^ ita it 
afleeted Jai Siiigli's work. 

Of Jai Smglab tkfiories we have but l ittle Liiforinati ou: 
iracUtion haa all&S.ted to him thewholcPtolenfiaEc tlicoryg 
aisd possibly he aeeeptcd it u'itJiout fiiiestioii, but Jie 
mujst have bee]^ acquainted wth the toacliijig of Kepleri 
Galileo nod Jfevrtonp fot he poaaesaed many European 
wotka. The topics he dealt with ato outlmed in tJic 
preface to the Ztj Muh^jt^ttuid Sh^il. Principally he 
was oonc^ned with the design of instruments iun1 
practical obsGrvatioQ, with a view to the proparaiiton of 
a catalogue of the stars, etc. His bent was practical^ 
and he was particularly anxious to climiTtate insbru- 
mcaital errors. 

Those points have been iUustral!^ in the foregoiiig 
ebapterst which also have hidicatod, iucidcutallyp 
tlie sources from which Jai Singh obtained hie aatro- 
nomieal notions and inspiration for hiE methods. There 
is not the slightest doubb as to tbe matii inQueiice that 
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directed hia activitica—it that of tbo Mtislim 

aafcrononiora of the type of Ulugh Beg; but it is still 
popularly suppoacd UtAt Jai work priiici- 

pftlly, if not whollyj of iriji.du origin h and provifiu^ 
wrifcGTfl Jmvo helped to at^eiigthoii tike iiotioji. Sir 
Wlliiaiu Joncfl wfus one of the first to give tliia iiiipres- 
bioii i Hunter weis also inialcfiding m a nqjatlvo wayp 
mill iifiorc rceatitly Gm’rctt'a (otiieiwiao ninst excel]mit) 
book la also aoincwhat mi si ending on liiatoricd in utters. 
It ia jioccsssry, t^iereforCp not only to trace Jui Singh's 
theory and pructico. back to tkcti' piiepcr Eouroes^ but to 
escaiiiino the possible ochiuiexiotia b^twecit hiE ^york 
and tliQ trEiditional Hindu theory and pmetfee, 

Boe purposes of exposition it is convenient here to 
speak of tlie iiiflaonoc of three schools of nstroiioiny : 
(i) Hinduj fii) Muslim und (id) Eiirnpenih Jai Singh 
waSp 10 acute extent, in oontoct with all t!ireo» and it is u 
matbor of considerable mtercst to ilctcrniinc the qmiUty 
and quojitity nf bhoir iiiilucnoc on him. Altbniigh 
he aotunlly lived hi felic seventcontU mid cigUtccjitli 
ctmtuiiea of our era, the iuhiieueea dirooted Ida 
ACtiyitiea were itLcdiacva! : little advance had beojt 
made by the Hindu and Muslim sehools for cejitLuios^ 
and tlie advances in Eniopo were too recent to be fully 
appreciatedH 

[{mill AsUouQmtf.^ 

Tlicre ia s. oertain atnoxmfc of vciy interesting mytlio- 
logloal astronomy recorded in the Vedaa^ but the earliest 

^ This folbwmg notfla fttpUiii^pt tu givCd vary ]mo%, ejsly n. Jnir 
notion of Hindu leitninoiny. Ho nLlempt hnti bwLi luado T^t nc^m- 
pldtcncK- Farfurtbor lofurniiLtiuii rQfDrdiicOBiiDiiM Lq luiaclo Leiity 
Ziiwdti 
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foLHiE^ Hindu aatirojionibsl worka nm the; Jiplishi 
Vedanffa and tliQ &'ur?/ti PTaj^pii, tho latter of -^vUioli 
exhibits a strango Gfmiuograiiliy (witii two &ui^b> two 
moons, wliilc h^h have the orndc oloirionta ol jl 

scientifio aatrunonty* Tlieso works? are oi comifletuble 
bistorioal ii^tcxost: tliey show little^ if joiy, (Jxcclc 
iofl lienee. 

Soon aJtor tlie begininiig of the cm tlm 

traditional astronounca] aystorn in India was iai'goly 
discarded, and ttio system in 70guo in tliQ Crrock schools 
was iiixpoii;cd and aBsinrilatcd. In tlio Pandia Siil- 
dhd^iiikd of Variiba Miliira we iiavo, poasibly, summaries 
of two Tveatiotn books—the PauUifa and Rojnahi Sitl- 
dhd'^Uas, but, quits apart from tliis, thoro is abundant 
evidence to sbow^ not only Greek iiiduonco^ but, Grijelc 
dominatioin Tho ropresejitatiYo Indian work, that 
exhibits the aatro]ioniy of tliis period^ is tho Sur^u 
SiddJtdtda, In its (srigiaal form this work was probably 
coinpo^ about A-D. 400, and tiio reoenBioii ni>w in 
use about lOOO, Since thest very little attempt 
at advance hiis been made. The ortbcHh^K atdl aveeiit 
the Sib'^y^ Siddlid^tUA and ffiittilar works oa aui^iEiritnUve. 

Suck arc the facts, but there has been an extra¬ 
ordinary amount of misconception current. According 
to Hindu trfwlifcjoji tho Rwy/a S^fidJaWn was compuNcd 
floma millions of years ago.® Bnilly, iinwards the md 
of the efghtcciith eentury, con&ide™! tiutii IndFaii 
astrojmjrny had been founded on acoumtie obaecvaticna 
luado thousands of years before the ChTisttaii cva. 

^ The iiiftEtnioToical ncKloiu of tho earlj writera were 

iar raoro uLeurd!, 

* SiddAanl^i i. ^13. 
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Laplfttje^ bEwing 1 iib aTgiiments on figxiTM given by 
Bailly^ deoSdcd iJiat soma 3,000 ye^Ts B.C. tbo IiidiiEtn 
aatsronojiioeu liEifl vceonloJ obsermtionB of tliG ]jknote 
ofrtTocb fcr) fliui aecEJiul ■ Haylrtit^ aii|)] sorted BaiUy'^ 
vknvflj Sir Wiliiam -Ton oh aigaod tkat enneot obaar- 
vations juaafc liavo liEeii mude as curly as 1181 B.G. ; 
u!id ao on j but, with lihe roseaixjhes of Betitloy. 
ColeijTooko^ Wobtr, Whitney, Tbibaut ojid othersp 
more correot viewa were introdnoed ; f^id it lia^ long 
been laiowji that the figurofl used by Bailly are 
comparatively modern. 

Vedic uBtroiiomy ib more poetical than exact, and 
it ifl of i]itcieatp a|Mkrt from its poetac valuc^® chiefly 
aa u subject of controversy. Certain boLoIoi^^ 
Tllftkj Jacobi» Diltriiit and otheies atgnCp from ratlLci: 
vEigne astronomical ]>reniisjCB, partly baa&d on the tc^tSp 
an oxtreino antiquity for the Vedic writings ; others 
do Jiofc aceopt their viewa.^ 

TJie Vedic year was IS montlis of 30 days each, 
witli an occaaicnal iutcroalary month, " the tbirtconth 
month fabricated of days and nights, having tJdi'ty 
nienibars/^* Tlieare is no indication of any de&nite 
cycle. The year was also divided into two equal 
couiBcs or aj/awijp a northoni course or Oltmafjana 
beginning at the winter boIbUce^ and a aoutJicrn eourae 
or Dak^hif^dyam beginning at the sonunor sobtioc^ 

^AEtarwnclR hQ%h ldpLiuQ£» And PlfiyFair remintcc). Sea my 
llijiktrif nf J/iflefit Asirctiimy, §3. 

* MiiTiy of thd ^ natfOTiOTu^l' liymnii ciF th a Rig Vl^ ilpdi 

e?£oei?ilLn^ly behu^ifnT my Bdiw, JASlSi 

1013. 

^ Sod my Bi/rSijry o/ AollrcTttDgai^i/ and SB, wIidtq tno 

a^trotiiDly intcru^tinn vioff* ot Jowjtl onef Tiklt Ano diacixESod^ 

* A^hnTva iCIHt 3 ^t 
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In the Rjg Yoda only t'^vo or tliTeo ara 

irLCiitioncd but in later Vtdic texts oompleta Jiats of 
the 27 or SB are given.* TJieao cai^Jy lista are 

hcode^l by Kj^ittika v^liick lUFirkctlp k la bcliovedj the 
vefiiial cqiiino^c of tlio Vetlio ymr ~ mid tliia ia a foanda- 
tion* aithoiigli not a very aconre onop for Vcdio dimnu- 
logy^ If tUo vernal equinox was mariced by Kri^Hhl, 
and, if by Krittika tbe constellation of tbn Pleiadea 
wna meant, tlvcn tlie period o! fixing tliia i,vfia about 
235U 13.0.» yrhen verjsnJ &qninox was approxiinately 
of tlio aaina longitude ne Alcyone Tauri)^ blic; brightest 
of the Pleiades. 

Other parts of the Veuliu texts have ftlao beoii ueed 
for the puipc.'^e of eatabJiahing their groat antiquity: 
c.^.p Jacobi attempted to prove that tho Vodie year 
commeiiGod mtik the summor acktico* HU arguinoTite 
aro based on the following somcwhat doubtful roudorrjig 
of a verse o[ the ^ Frog Hyiniib— 

Tiioso leaders of ritca observe the institutes of the 
godfl, and disregard not the season of [tlio twelfth 
month] ^ as the yeaj revolves and the mlm rotiiTii* 
than scorched and heated they obtain freedom.” 

Diksliitp^ from a passage of tlic Brahinniias {SB II» 
li 2 fixes tho ago of its compoaiticu at 3000 B,0. 
The words ** They (the K^ifctikas) do not move from 
the eastern quarter while the other nakslialras do 
move front tho eafiteni quarter” he takoa to mean^ 

1 Muah hrw Wn written about tho cr clivlniorui qf tho 

toUptSo. They hiLvo bo4n uaaoUy idon^Sfiod with cortein conflteLla- 
tiofiBp but EvOent roBEaftrohieq BOOm to »]\fyw tlnit tboy \VItu lutbor 
Donapived nn divisiqnt of Lho i?abptEia And Wii oonnccted witli pAtti- 
oiilnr oonutolUt^Ofiff. I^oo zny Eitit;rr^ Nin^u pCn 

^ JfltsifArt ll&5p XXIVp 24d. 
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dcfmitclyj that the PIciELdca wtra always on the equator; 
and ]io wi'itcs '^In my opinion tha statamont couclu- 
sivoly proves tlmt tho ptiasngo ivos coiupoaetl not later 
tlian 3000 Maiiy other yimilaT Lnt<qirctatiocne 

lift VO b eon atrivoj^ after- 

In Vodio toxtJi no definite n^ention k made of tlie 
piaiietB, filthnogli mueli ingenuity 1ia& been cxaieiaecl 
in iiitorpreting the texts otlterwise. Theto are posaiblo 
reforonoos to eeltpacs, ^vluch Lndw%, witli gome sikillf 
has attoinptecl to identify, 

Tlie Jyotislia and the Suryaprajiktpli oon- 

tabi the earliest lormai aafcronomieal statements. The 
former introdnaos the five-year cycle of iSao apparent 
solar clays. The year was tropical in theory and con¬ 
tained 3GG apparent aolai days, and was, tiiereforep 
much too long, TJiero were 27 nakshairm^ each siq>- 
pofit^d to occupy ™ degieea of the eclijitic^ 
md each was coii^&idorcd to bo divided into 

124 er^nal di vision s, or avikts. 

The five-ycinr cycle appeara to hava oommonecd 
ivith the winter Bolstiec, and Si'avi&litha is said to have 
marked the beglmiriig of this eyclc^ and also the b^in- 
ning of tlio m.uds progTCSs^ nnd also the winteT solstice— 
all of wlildi JXtc ii^ Agreement. If Sravishtlia is to be 
identifiod with y and S Delphbi {m it usually 

is), tlreti it marked the wintcT solstice about B-C- 1100- 
But a list of given in the text begins with 

Asvini^ which is supposed to have marked the vernal 
cqpinox about tlie begiimiiig of the Christian era. The 

1 ts ruLmfl of ^attain ot cif Workit 

rcifardcij ns AuxiliE^T? to the Vuda. Thay an> iyOicisidi?t^ 

n Jato* 
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Vcdiilga states tlmtj during the northeTn progreaa of 
tlie 8tui, the days iucTCMo in length at an even mto of 
l'G7 minutes a day^ or 4 liouxa 4B uimntcs in six inontlis 
ol 183 dap^: the cortlicrn and sQutJicTn piogreaa are 
QonsidorGd equal. 

The Srlrj/a^ajiUvpli Ja a Jain treatise on astrik- 
nnuiy that is similar in inany rcspeets to the Jyntislia 
Vednnga. The Jainas kdd the old Indian idea of the 
heavenly bodies revolving TOniid mount Morn, and» 
as ft Gorollaiy to tins, they ooncaived two smiSp two 
moons and two sets of oonstdiatione. The five-ytiar 
cyole btsgati witJi tile summer soktics, with tlie aim in 
Pushyftt and Thibant tlionght this was a corrcfitionp 
from actual ohaorvation, of tJie older Vedafiga. Another 
point ol difference was the employment of 28 
of unequal oxtont, and this alberod, thecrretically^ tlie 
poaitionB of the ^ in some cases to a voiy 

ooGieiden'abie extent^ and jnakes our ostimations of tJio 
periods in which these works were eoinposod very 
unoortairn 

The characteristics of this porioi aio:— 

The five-year cycle, with a yeai of 360 days. 

The diviaion of the ecliptic into 27 or 38 

Equal daily change in the length ol the day. 

Omission of any explicit referouce to tho planets. 

Varaha Mihiia and others, about A.D. 550^ made 
popular new ideas borrowed from the west: they 
remoddlcd the Hindu astronomioai ayatem on Crrook 

. ^ An inamiAa n£ 4} liDart QQrrcftpnnd^: %a a Intitiicla nf About 

tiicr ua 2 Fqa a givatAf 

it wo^i4 bp nirtber oorfbif 
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lines. Tlio Greek nnmes of the signs of tlia :jotliac 
wore Hflopted* md tlie soveu-day week inkoduoed; 
many Greek jist^rologioEil toL“jinB fuitl aoiuo fircd^ nmtlie- 
imtioal tetJiiS were adjopted wiitlioiit oJiango. Pinctt- 
cally all tlie Greek u^vonemical tlicoriDfl were taughb 
and tJifl VodflAga ristronoiiiy was largely disoaidod. 

VaraLa Miliira's a^friologtonl werka csontain mnnoTuns 
Grook tuoliiHcal tevtoe and skow^ unmiatakably^ Greek 
JiiEliieneo. His greati iL3t;rf>noiiiical work, tike Pu^Jta- 
iyiMJianiil'a, cousiats id suu^niu'ies of tiie Pait^maka^ 
y^ialitilia^ Koinaka, Pauliand Santa Siddhautes. 
" Tlie SiddJmiita joade l>y Pniili^ m aooitm£;e^ near 
to it is tile Siddliantn ]>roctaimed by Eonnakaj more 
CMJonmtD Jb SiLvitra and iio two Tonmining once are far 
from Hie tiutJr/^ The Buininniy of the Paitumaka 
Si^ldhmifa e.\hibita tlio tcaeliiiig of tlvo Vcclniiga. stogo 
bat adds the epook ol S ^aka (=A.Dh 80). Tlio 
Vdsisktha SiddkuYfta. appeal's to repmeiit tlie tmuaitton 
fltago. It lUtcra tko longest day rule and introduces 
diadow ealcidatioiks^ and tke lagna or ' Tiaiiig eign^ 
jiotioji; wlule the otlier tliree Introduofl, unequivocally, 
tUo Greek tesaebing. The main oliaracteiriBdc.^ of the 
lEowiata SiddJianta ai*e— 

(fl) A cycle of 3850^10 Xl5d yearsj. pcriiapa baesd 
on Uve Metciuc eyolc. 

(6) A year of SGC'^ 5'^ CD'” 12*i whioh is exactly 
the tropiool year of ffipparcUuB. 

(c) Tlia epocli of 4&7 fiaka (--A.D. 505). 

{d) OmisBion of mention of opicyclea. 

* AltirilnT wriEM (ip ICSJ: I’^nytiiSa-SiddliHiitAp *0 called from 
PaalisA the Gicckp frgni tlio city of Baratrftj. whicli 1 Aopf«D to Iw 
Ak^Eindjdia^' 
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IPlia Faulik SiddMnki givea the cJcnfieaits ot nuLthc- 
matbnl aakojioniy and in partitnlAE introdnctia trigoiio- 
mctrioai functioiss and table of ainea ftgr<^iiig with 
PtolcTiiy'& tEiljle of cborfs. 

Tile Sttr^a BidiUianlfir isi prolialily the beftfc ktiowi^ 
Eistronomioal wark i>f tlie Tliiulii!}. The eevonil 
of the noeqit^l rehite to— 

1. TJio mocLn inotioiiH &f the [>kiiuL^. 2. Th^ true 
pJacea of fcfic 2. Tlic gJiorTiojL 4. hJcllpHon. 

S. Fknctaiy Gonjinhotiona. 0. Antorisnis, T. IToliftuitl 
riaiiigfl esid Gebtinga, 8. Inatinineiita. t). Tlrnc^ Qim- 
mogony. 10- Astrology. 

The topics dealt with in moat ol the later JTiiulu 
works ere finidanieiibally tlio aeiiio ns tTin^ce of tlio 
S^!/ii SiMItanta, and the following notes ajiplyj fairly 
geiiernUyj to all tJkcas works. Thu eartlt is oonaidarutl 
as a fixed imsupporfccd apUero, round which the other 
heavenly bodies vovolve. Its dinn^ctei^ is given hh 
1,000 yojsnas^ mil the distance of the moon uh 
51,070 yojanaSs or mnghty the same relative dlstniiea 
jia Ptolemy gives (GIJ radii of thu enith)^ The 
distances of the other planets are calcnhLted on tUo 
ee^umption tliat tJiey move with eEjiinl velccitic^^ 
The cciimldon of the centre of a. planet ia cjduvilatcd by 
flssnming epioyclca. A cycle oI 4p SSOjOOO years le employ¬ 
ed. The precession of tlie equinoxes is cxplaincfl as a 
sort of hbiation^ within limits of 27 degrees east and 

> VnirfiJifl suinmary ol thiB work Jiffisra in Bemo dfltaTIft 

ft'am the now Kti ^17., tTie at the ftidon]iL[ your m tlie 

two 'vrD-rkll Ih -: Old Sue^a Siddh^ta SlCCi'^ 12 -id* modom 
SOryoSiddhantff ^ft!?^ {jh 3-3'S0 ^h The nowacoD|i>tar7 po^ib]/ 
dnt{d from eboiit AD. IOOOh white tim oariicv limit for %h9 ortdnal 
Surya Sldiili^LtV U &bimt A.Dh 400^ 
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west of a fked position at n of 54 acoon^ls a year ; 
Emd the obliquity in goiierally reckoncfl at 24 dcgrecfl. 

A great niMiy intCTO^iiig topics must be omitted 
in tins briof sketeL of Hindn aHtroiiomicnl thsoiy, 
Aryabhata taiiglit that the aftrfc]i rotated upon its axb. 
Euul a prnjior oxplajiudoii of coUpsoB, but Avaa not 
Eipproved- The ™rkfl of Bmllnlflgul:^^yl and Bliaekara 
Jyivo eunsldotablo intercut in luattEris ol detail, but do 
nut difler ftuiclaniejituUy fiuin the BUn^ri Sidd/tflnlit.. 
ludcecl, since the time (jf coinpositiou of this work thero 
has been iiracticaUy no Eilteration of fiuidflinental 
impoitanoe in the Hbidu theory. 

At the prOflcnt time there are tliree selvnola of astro- 
namers: (i] The Baura-vaUfllia, (Eil the Arya-paksha* 
(iti) the Eriihuia-paknlCa; and these cuiy difFer^ in 
matterfl of detail "For exa^uple^ a distinctive feature 
ifl tlie lengtit of the year* ipiuploycd. Tlicse nrer— 
(i) year 3(15'^ fl'* ]T"‘ SGTjfi". (is) Jrjia 

jWits7myeaT jIGG'* 13*'* 30^, (m) year 

13^" 30 915^. 

The only instriunents of practical ntilEty for astro- 
udiuIcrI i^urposea described hi ancient Hindu works aro 
diQ Bini-dial coiisiating of a vc^tic^U gncuuou, and the 
clepEydia. An aruullary qihere is also described as 
an lustrum unt for ptu'poses of denionatration, Tlie 

1 Benlly tlip iliffciwitinttflii i& a flcoffrapintwil pn& Tito 

is sUndnnl A^itVioidliy In tha of liiidiA, 

hu\i Lii4) first Jri^Sid^h^nia is tlin lujUmrity m Tamil mid 
JLfal&yHlatii coLLiittifiB of Souttern liidk, wLilo BmJujipLg^T pt* is 
Jailuwpd m PiijaWltp BujptitSnu aitid Indin. 

^ Thfldrati^Rl lyt st %l\^ yQar Is a ijdcrerti otic, Liut th.m^ Is 
Ptwns vatdflniiim, and thoro nro no rccpids of ihxt jnetliadft by wliieli 
tft* reBnItti vffiTQ flttniiLwJ. 

f 2 
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only Hiiulu mfitrymcni; ol itny sMjtnally 

ftiipnd h a clepsydm coiiE^i^ting of ft metail bowl (loatijig 
in a vcsad filled wttli wfttcL Tliero ia no tmoe nf 
any early Hiutlu obacrvatury. 

Muslim 

The Muslim asliToiiomeTs frankly acknowledgal 
tliciii indebtedneas to trrcek ^vTitons. Indeed they 'wern 
to aoBOG extent tke direct siicccasom of tUe (IrcekH in 
hitellcctxial matters^^ and tlxo liiatmioal problemfl ul! 
thdi aationomy are mnoli leas cojnplio Sited than ia fclio 
oaSB with 1^10 Hindua. In the middlo ogee they wete 
the foremoat astroiiomera of tl^c world. They accepted 
the fundamenUl featcTc* of tlio Pfct^lemaic ay stem 
of the universe. They wore awaro of tlio preceasion 
of the eqninoxca^ and discovered tho slight mflv<![ino)it 
of tho apogee of the amip and also iJiey perceived tho 
variation in the obliqni^y of the ootiptic. TJicy die- 
cuased tho posiaihility of the earth rotating ojl its own 
axifl^ but geiieraHy rojcutecl the theory. 

They fully realised tho iiecesaity for methodical 
observation^ and m pmctical astronomy^ they excelled 
tho Hiiidua and Europeans of their timo. Tlta first 
serioa of regular observations, with the aid of fairly 
accurate instrnmentSp appears to have been in ado at 
GondoBhnpuTj in tho soijtli-weat of PeiBia, in tho first 
years of the ninth centuiy of onr era. During the 
Caiifiate of al-Itla’mflii (A.D. SIS—833), at the abservo^ 
tory at Bnghdadj all tho fundamental demonle of the 

^PofisiLly tbey awed Horucthtng ta Tudia eJau, See Tny 
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Almngcflt iveri^ verified—tlio o’bliqulty ef tlie ecliptic, 
iilio prcceasii&H cf tUc eqnmoxcs^ tlic length ef tlie ^elar 
yoftr, etc. A ineatiiircnmit cf }U\ uxo nf tlie niei.'idisvn 
in the rqjicn ef Palmy m curried out dqriiig 

tliO ujiiiio puiifidp ill id gituihir obt^mirttoiie coutijmcd 
to be miido tkrougluiitt the Muslim world imtil lli& 
midcllo of the lifteeiitli century. The observatory at 
Caiv<i WH» founded in the tej^th century, and tJie obaer- 
vntiojis tboro were recorded m tlia ^llttkiiind Tables/ 
hi l^ersia nn oLscsivatoiy was founded^ in A.D* ]07d, 
lit Niiiwlbfir, and there, in A.D. 1118, ul-Kbnjciiil 
complial Ilia ‘ Sfuijaric Tables/ In 1300 a greut observ¬ 
atory WHS fciiuulcd at Marligha in HDrUi-We-^t Persia, 
and there Nask al-Din-TiisT (mentioned by Jal 
Singh), prepared hifl ;^TnoUB ' llJdnlnio Tables/ 

The i>ractijGal view take^i by the Muslim astronomera 
led to attempts to inqmivo the iii^trunients in use^ and 
to the dealgn of otJieta. 

With UJugli Beg, the giuudflon of TanLcrlauOp fche 
afcudy of scientific natronmny throughout tlie Islainio 
world ccased^ Ho ioiuided a Jaige observatory at 
Samarqand, to which he smmnoned such renowned 
oatrononiai'B ]is JitmslLld al-JCialiL (mentEoned by Jai 
Singh), Kadi Zado, al-Eiiiiu, *AiT al-^tisji, and othorSi 
Ho undertook a complete revision of the catalogue of 
tim aters—based, upon direct observation—and iiimsolf 
wrote a prcjfaeo to tlio tables^ a few months before he 
perished by an assassin^s hand. Jai Singh professedly 
followed Ulugh Beg in his astronomical worlc. 

The names of many Muslim aafcrcnomcra of the 
mid.dle egos, such as Ibn STna or Avicenna, al-BliimT, 
Omar Khayyam and AveiTofis, are well known. 
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In Em'n|]c, afti^r the dcii^th of Ptnlemy m accniid 
century of ccr em, vei y little mlvai^ne wtus iiiiiuIq fuc tt 
tlLoimiicl ycAim. TJie CUkrEstiitii ehurcli often niJiiOHjcw] 
gcie^ilhific Qjiligfiioniuaitt, mid ^oiiictinics iKJi'HaciitccI 
those wlio sought it ; and tho wiltiiigd coiitiiiii 

the groBHeat of aBtioiiomicfll ohsuiiIifcicH, 

Blit, about tlio fcliirfcceiitli ociifciiry, anujubr opiuto^iR 
beguj) to pmvail, mid Jn tlio earJy part of tlic Hixtoootli 
tjcjitury CeperjiioiiB wrote ]iis Z)fl RcvohUionibm Orbitim 
Cocl^liu7n. Tycho Brahe, KcplcL% aiul Gulibo prceoded 
Jui Siugli by about a centui'y* Grecjimcb obHowatory 
wna founded soinc foity years beforo that ut DcUnH 
New toil *a Ptindpia waa written at the time of Jai 
[ii]igh*H birfli; Huygens ibcd a few years ktei^i Flam* 
steed's catalogue ol Stare was first printed in KtBS; 
llalleyi in 170^5* prediotod the I'otui-n of tUu ooinot 
nmned after Mm ; the abcriation of light woe cltBcovercd 
ill 17^27, Jsiu Singh sucecoilcd to the Antbes* territory 
in l&hS), luid the Dcilbi observiitory was built about 

Tho Eurripeaii luetrunieiitsK at the beginning of tlic 
sseveiitecnth cejitmyj wero^ in priiiciplop tuhcJi tiie sumo 
as tlioae used by the Greeks mul Arabs, TyeUo Biuho^ 
(Ib-lG-lGOl) hed aovettd s&jttaiite and qnacUiintSp a 
parallflctiomii and armtliary oiiolcs; Hevolius (1013- 
iOfiT) bad a Bomewhat eniallct battery of aiuiilav iiistru- 
nients; and Flaiu&teed (16^6-1720) uecd a quadrant 
oi 3 feet Olid a sextent of 0 feet radinsn^ 


^ Stc ^16 if. 
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The teleacopo itflcd for the goncf^l obEervution 
of licELveiily hodiee in 1609 by Qalilen, and telesce-pic 
wei’o first systematically uaed about A.D. 1067. 
fTia&ODigne waa ptfibably t3iG (kfit A.D. 1610) to 

iiitindiice thea&» mid he ftlso iiivciited a mioronict&r. 
llcvclins mtroduced the Ymiler and tojigeut screMr ; 
FlauiHteod iiaed cross wires in tho eye pieces of Ids 
eigld™; Galileo had used a penduluni for ahoi't time 
meu^uTcmcnta ■ Huyjreiia devised, a pcndidtim clock 
[IGliO), and Jean Picard (1620-16S2) introduced regular 
time observatiojia at the now observatory at Paris. 
J. D. Cassini (1635-]7l2)p it is stateeb devised selicme^ 
(never lealieed) for tlic coii^truction of gigantio instrn- 
ment^H 

The three scliooh co^n'pared. 

The JlinduEj Arabs and Europeans ull derived the 
hmdmueaitala of their aBtronoinioid scioiioc from the 
Greeks. It was tlio Hindus who first jirolitod by Greek 
cxperleneej then tlie Arabs and bstly the Europeans. 
The last, indeed, obtained their knowledge of Greek 
astronomy prlmiLrEIy through the Arabs. 

Wlien wo cxninino caixsfully the motliods of tlio 
Eovera] schools we fiud somewhat marked difta-eiioes. 
Even Eimnug tlte Greek aiftronomerB Ptolouiy 

liimscif) tliero wjis ^ distiiiot tendcjicy to work only 
on the obaeivations recorded by thoir predeoeaaot&^ mid, 
ill tlio later Greek ^clioob, there was a consequent 
lui^lcot of obt^orvatkv^uJ natmnomy. With the Hindus 
tluH tendency was empWlscd to a remarkabLe extent^ 
and practical work wae neglected almost completely. 
Tlio inetruineuts they describo arc either for purposca 
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of tilieorotic^ calculationB, ot for pori>osaa of Joinonstra- 
fcion. Tliay built lui obacivatorios aud Umy itiEtdo no 
flysfcnanuttic records of obsoLvatious. 

Tbo Atabfl and otlier Miialiiii uatrnju^ueia took un 
oiitirdy dilTcrcuit line. They recogniacd tkc vaiuo of 
prflcticai obseivution; tlicy Liiilb (iliscrviLtcrtea ujud 
devi&^ UiiprcvonieiLbsiii Irlio ijiatroincjLtja> Lii^d set about 
verilyiiig luul coiKectiug Ptulonky^s tiIi3juejLto j but they 
biirdly tlia nei^ for a i'&-oxuTiunurtion of tlio 

Qree3c theories. 

Tha European aBtronoiuers were, pothaps^ not q^uito 
&Q bouud by tradition as were Uia Hindus mvi the Amis. 
The death of the l^tolciiuiUe thooiy and the invention 
of the telescopo gavs a great Impetus to rcseareb, mid 
the European asbrononiers largely discarded tl^o methods 
of their predcceaaora. They recognised the inovitabilifcy 
of observational error, and devised meanB to comiterect 
it; they were forced to eoiiaidet, as of great impesrtanoe, 
facility of observation, and gradually they deviHw] 
mstrumoota of typet* uuiinagmablo to tboir Arabic 
teachars. 

Tji3 evohilion 0 / Jai Shigh's insli am&itii, 

The history of tbc ovolutioji of Jai Singh's abbro- 
nomical inskninents would, if it could be recorded 
step by step, be of great interest i but detailed descriiJ- 
tioiiB of the larger Muslim iimtniuicnta are not gisieralty 
available, and we mustj for tbo present, ba content 
with general indicatlonii of the lines of developmefut 4 
\ Generally speakings Jai Singh's instrutnents ate oofiieg 
ofp or direct davelopmenta fronii those used by UJugb 
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Beg and Ilia predecossE^ra and Buooessors. TIio flat 
itatrolabc played an ijuportant part, Jai Singb^a fiiat 
attempt at iitLprovoinoiit Apparently the cenatrue- 
tinn of hwflc asbrolabea, aueh ay tlmt shewn ijt plate II, 
and tlie eenBtrnetioii of lairgo gftvduated eircles, He 
had Etriino ix^cdlent Arabic and Persian models but the 
jrietui instnimeats he had constrLTot^ do not app^t 
to be of that luio workmatiship that adda eo mneli to 
the value of many of the incdiooval astrolnbcfl. As 
far ti$ eon ho gatliered Jai Buigh did not uhe the ordinary 
sextant and quadrant hiabrunfiEnta, such as were used by 
Kaair al-'Dhi Tfiai, Tycho Bituho^ Flamsteed, and othersH 

It has bstui related how lie discarded brasa iji^trn- 
inents and piimedbia faith on large immovable maaonry 
in strain cuts; and soinc of theee ho claims to have 
devised himself. As has already beon pointed ont^ the 
basic idea was not peculiar to Jai Singh. The Arab, 
Persian and Tartar astronomers hiid constructed huge 
in strum on Lb ; and they had fcrmiiktcd the iiotiou 
that tiho only bar to aocunicy of observation Wits the 
limit impoBCd by circuinetances on the sbe of the in$tra- 
ments. Jeu Singh was prepOiEed to cany out the idea 
on wliieli thia proposition ie based, to^ what be thought, 
a reasonable exfceint. 

The bases of the designa of Jai Singhk instruments 
are always obvious, hut hs allowed very ecnsidcrable 
ingenuity in the actual conetructiona. The Joi Prakas 
ia practically the hemiaplicrG of Berosus^ Btimcwhat 
elaborated, and the Samrot Yantm may akc be con- 
si dered as evolved from that iiiEtriiincnt+ This only 
meanSj however^ that the dial of Berosus was of a 
very general nature, It oonsisti^d of a hcndapheticfli 
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bowlp placed its riin hori^ntal, and m Uie ocut^e^ 
oi^d iji tJjesamepkjie an tibcLDriifonta] edge, ivua £xed 
XL bead^ wlio^o Window ou the ooixcave axirf^ice E>f tlic 
hemispbcrti marked the trace of the fiiiu^a diiinuil 
patli. !rho rcseinblanoG to the Jai PmknA is atrllchif^ 
enough» butitrigdnubtfuMvhofclier Jjii Singh hiul ttiiy 
knowledge of the earUcr hietnunci^t: he could tuily 
hftivo learnt ol it from the MnaUitx tiatrononici'a (e.//,. 
a[-Batfcanr> wlio rcfei-^ to the piinciplc of the ixiHOru- 
meiit). Tho Jai PiivkaA, bowev'er^ is afunething mere 
than the bowl of J^exosua, for Jt is liiUy gmduEbtech 
and appeal's to Imve been baaed upon tPm Mualiin 
iimbriLirLent known aa dcBcriptiona of 

whicii arc foiuid in the worka of the Muslim ostfo- 
nomera.^ 

Jji the British Museum aic many dials of the seven- 
teci^th and early eighteenth conturicfl ccikatructcd 
exactly on the same pi:iudplo aa the Samtet Yantta. 
Tlie direct orfgin of the tangential scales on tlie gnomon, 
for nicfisnj iJJg tlic ddxJjiiation of the mn, is not knowjt* 
although Ibn YuniiSj and other Muslim writers on natrO“ 
nomy, bad workotl out tim theory.^ Hindu astro]Lomei's 
did not employ the tangent fisnotiojii and refer to no 
other dial than tho vertioal gnoanon^ and to no other dial 
jneasuroinenta timn the length of tho shadow, Tiiey 
made no direct angular nioosuiemonts, and an angular 


^ 3cft Ln A. fl^dJllntiV nwr Itfj iiHXrwpjjcHfj nflfjra-j?nFJ7»'ijj(g» 

^£4 pr Iq] r .; nIsD q- dcdlOripiLTgh hy AUSiart-ciidi; 9 \m Bt 4 lf[raTq'^i 

H-ltJ e/ iCoO- Onsy cf Bkgjqve'fl book Ju—How 

tq make a cljull ou a touEuLva oJ a bwq 

imd Uiq timonfl -w^y is that ot tliQ Jal FruMii. 

^ Tlldood thoy Wqrkad qi3 b t1i q Oqmplqto llifory ^lio liarizqnl;Alp 
v^i^rtfcaJ^ inolinodj cyLindrlccil imd Doiucal alo. 
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dial -would have beoii almoat contrary to lilic 0[jirjt of 
their teoclim^.i 

Til Cl olihnr indjr uTiionts that eaii be attributed to 
Jai Siiigli*s jfoiiius wrn iJiG Diguii™ Yantra and Kaiu 
YiuitiHj blit tbeae iLfc Jiim^jly oulargcinonts^ in uiiutojiry* 
work, ol fcltu azinuitli apd eonibinod n]£Niiatli and alti¬ 
tude inetnunonU ol the MiiE^1itU8. 


Th& y^rcdomiwilh^ infli^ice. 

Tho aetnal piaiite of nontuct between Jat Siitgh^a 
ahtronomical work and tlintj of liiB predcecssoi& ami 
RontonYporarlca have boeik goncrally indieatctl .Tai 
Singh himnotf was a Hiiidtt oaid had Hindu aGaistfiiits, 
fclic moat ^lOtaLla boing Jagannatli, ivlin^ Itewovcr, 
itr sDoms^ ivaa o] up] eyed, bocaLifm of Ufa kno'ivleJgo fJ 
AmUic—^ aoniQwhat unusual qniiK Heat ion aiiinug the 
JhiJKlitH of the day.^ Jai Siugli lofeiM to niia Hiiidci 
uwtropoiiier by ]iaiiie, -^vUo was, Uowcvei^, renowned 
because of Ilia knowledge of Greek methods. Jai Singh 
wftd, no doubt, ivell acquainted with the works oi tho 
Hindu aatroiioiuo™, Init Uo doea not iscein to havo 
1 n^ldG much direct use of them, 

Jai SiugJi had certain MuIuuTuiiadan assistiikirt;^ 
Ilo wub acquainted with the olJeC a.^tioii,c>niical work^ 


I liiifl ]Ji ft e^uHmir puUit Ip UiQ hintai^ of hc-lciuk^ Thn liiiKhut 
aupfUnfl Ht AVuid PlnnaL nneulnr itud lihoir TimUtpnuil4- 

Qyp w^ricif -DEn^tiiin no o<r ruU>4 {ocfi my 

Vnffwu puj^KJ :^^l). 

nt \)i rclnLml tlmt Jrti Smell viia rvpnjULulificI with tlio 4L?i.binctU 

tiiat pLD X^ftiiEl[4iAp ^hu prtiUmdud ta Icnniiogi WQn^ 

Ign-dnipt af Atttnio nokaWalaip. Hfi Iboimljinp jirotinfiMl Japflliiiblli 
wht7 tmnslotf^J, fztiM tl]f> Alia big, En Diitt'a nnt\ I^biiiy^a 

Alm^t^r Sun Dvwjsm (^u^ikniOFurvjif^i p. Ift2 £, 



84 A GUIDE "TD 'THE OiD 


of tile MufdiinB^ Iio troiiglit om of ihm star catalogues 
ii]7 to date^ ojid lie ooyiod the iiifttruiuoaitfei of tUo obsoi?- 
vutory at Samanquiicl, Hi a maflojuy jjyjtinim ontst 
ivcro d&Eiigned after the Jiotioaij tatigUt by tha 
astioiinjiicifl, and luid absolutely JictliLiig in coetiiiicu] 
v^ith thoso dcfiofibed iii Jliiulu \vui'kB, Ms E^aiit cei'Lniii 
cf Itt^ ajsisUtiitfl to Burnpo to gathnolui mul iiifi^riiubtiun ; 
ha nivited Eiii:o];icau to visit and ho obudiieil 

HuTopoan 

We may leave out foi' the luoiuciit the queEitioiL []f 
European iiiHoencB, m Jai Siugk was really only on tha 
border lixto of infltiaace, and ooiLshlor the Hindis 
and Arabic flchoolfl. The cliaracteTtstia diffarenca 
botweeai these ia coimocted with piuctioal ^vork. TJic 
Hindijs were praotical astrononiora only jji bo far as they 
could cidoukte, from a given ri-aitulg point with giviuL 
rides^ the poaitionB of the planets, cclipacH, etc.,, wibli 
aoine iLcciiraey. Tliia, ol eoiirfle, implies a vocy cojh 
sidei'itble oinounb of knowledge aiid skill ] but tJic Hbilns 
had no instrnmenta of precieion of tlidr o^wi before 
Jai Singli*$ tiiufl i ueithei' were tlicy intorestc^l in irmking 
praetical obervations of the Leavoidy bodies. Their 
rules ojid the aleinenta givoai in thdr approved workn 
gulBaed them. The atauJpdnt of tho MuslLue was 
enlirely difterent: they -wsire particularly mtDre?5ted in 
the veiihcation and coneotiou of ptHivbnsly recorded 
results. Tlioy huilt what ware tlieii the fineat; ohaerva- 
toiies in the world, and they perfected tJie astrclabo 
to an extraordinary degree. 

Tho difEcronco between the two aolLiToIs ib too well 
known to need daboratsion ; and the category into wldoh 
Jai Sfngh’a work places itself is perfectly clearly ijidi- 
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ofitc^ct; iiinl tlio Lyi^f^tliesis that lie received his mam 
nfltrojKMuionl iuninnition from Hintlii tTadifcioii is coni- 
plgtciy liliiiiinatcd. lie foUrawiid tlie iimrtyr pimoc^ 
Mlirzui Uhigh ]^cgof StmuHqiuid. Ssnoo hQfch tlie 
Kiluliifl UJUl MubHii^h obtamed theii aatrojioniy from fclio 
CiicL^kHn they have iutipIi in eommejn^ but tl\c work of 
Jui Briigli. wfus of that nature wiuch dtffcraitiatee 

LfltwciciJi i-ha two echoub ; uudp what tho Muslim astro- 
nojneTS had* eruh wlmt Hixuliiii koJ^gd, atkaeted Jai 
Singh. In hi a work tliera js no point of contact wiE;li 
niiifluL natruiiomy tluit did not alpto touolt the work of 
the Muslima, while, on tlie othei- hand, tlicto are many 
points of contact betweeai hia work and Moslun aetro- 
noiuy that arc remote lEOin the tenLohing of the Hindu 
linolioob. 

Jai Singli'a apparent indifference to European 
CLohTcvcinenta is rather remaikablc ; but^ it must ha 
bumc in mind that, lie, very probably^ oiJy became 
acquainted witli thoir results after ho had conceived* 
and pfirtiuJly carried out^ his aoliDmc of aakonomical 
icflearchH THh tables, it is fluirposedt wsire completed 
about A.D, 1728j and tho observatory at Delhi Imd been 
built a few years proviouBly. It was in 17S8 or 1729 
tliat Jai Singli sent Pedro Miuiud and others to Europe^ 
and in 173 d: ho woa visited by Father Eoudieir and lus 
oempanion. These dates might be considered suf^eieat 
to necocjit for Jai Singh'a neglect of the E iiropeaii dia- 
coverioa, but there is possihiy another cxpkuAtioin 
Gflliloo died a priaonet^ of the Inquisition in ld43, and 
his book^ were not removed from the until 

A.D+ 1835 i More recent Knropean discovoriea migTili 
time have beeii diseiwlited in Jai Singh^s eyes, and 
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Uo wou]d» Ett liny ratOi have found it diEcult tt> 
rcooncile the potaeeutEDti by flutlioiity, on the one Hide 
witlx tJxo claim to biiJliaixt scientific dtHiEJvoncs, on the 
other. 

Jat SiiX^h began hh work at a time whm EiiirfipflaJi 
aatronomers hixd airivEtl at, wlmfc may he tnrmwL tlio 
modem conception of the tmiverae. The dt^ovoidefl 
of Co]3eMiox3a, Koptev, OalLleo and ifowton had bceii 
aceqstcdj and soieiitiata were aettUng down to work 
out> in detSiil, the reenltB of those discov-eriea, 
Plansstoec^a great catalogue completed just aa 
Jai Singh began his work. But in the sisecial cironm' 
EitEinces of Ilia expetienceH it is not anrprieing tiiat Jai 
Singh refused to foliowthelinos of teseaioh indicated 
by the Etirnpeaii aatronoim™. Had he done so, hia 
power and hia wedtli might have enabled him to alter 
the whole condition of Indian Rcientifie aclk[da]'a]iip* 
andp iiiEtcad of hia labonra ending with Iiis dcatli* 
whc3V "acienoc e^qiir^] on Li a fnnera! there 

might have been cstnbhaLcd n laatiiig sclmol of icacarcli. 
The tronbied coniiition of the conutryi and the general 
of civilization in it, were QJitagmiistici to the 
progriias of acience, and Jid Smgli'a work is new only 
a tradition^ and liia obaervatories arc arcUcculcgical 
remainE. 

Til at Jai Singh made no new astronomical discoveries 
is hardly a fair critedaii of th& value of his work ; for, 
indeed, a great deal oi the most valuable afitronomical 
work is not eoncetned witih now dtscoveiiea. His 

1 Sm bSaa Dk MoHOA^>f 'q A 0 /tn Mfluoli nu MierouB 

irorkn Qppowg tlio * ttcary * arc raferred tc. 
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avowed object the rectiftontioii of tJio caleaitkr, 
the {nodiction oI so oji—work which 

oiitoib fi gmt deal of laboor, aiitl geiieri^lly ahoa's no 
rcutjii-krvblo uehiovoinenii, CansiiloTiiig tlic state oL tlie 
country ill which .Tai Singli livod, the jjolitiunl aimdiy 
of Jiia timo, the igTLomiieo of hia conteiujiomrica^ ami 
tlio clilliiuiUius ill tlio way of tmiianiiaj^io]! of know- 
loclgcis Ida Achoino id astronoiiiEoal work was n. nc44ibl& 
one, and his obsorvatoric? still form noble inojuniioiitB 
of li lonmrlcable pci'soiuility. 
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The eqitation of 4;imo ia giTGii to the ne&reet aecond 
foi 0 liuuta Gteciiwich {neen time of alternate days of 
tJie moiitlia (1D19)* For intermediate times proper- 
tiomte ports will give approximately correct results. 
{Tila liistnnnents give at their best resdinga correct 
only to, say, liaU a minute of time). The equation of 
time ja to be applied to mean time in accordance with 
tliQ signs as given in the table. 

To obtain the difference between dial time and 
ataiidaid time add the qnaiitittGS in the roiuth column 
of tabic I to the equation of time. For example, to 
dcdiiec dial time from standaTd time on October 13th 
at Delhi add to standard time —21 min. 8 aec.-(-13 min. 
30 SCO. or “7 min. 38 bog. 


Tabld m.— Hinpit Measures 


fill prati^ipalhii 

00 vipAka 
00 pnlna 

AIhd £ ^hafk 


J}iM jipiw of dajf, 

] vipalft = 

] pi^ayn w? 

1 palfior viniUlika ^ 

i gliA'tip iul(lll;R, rlof i^n => 
] divfuin, dikuiy vaaaru =: 

1 


0^4 BWFUlil. 

A'O Goconds. 

24'0 soeondfli 

24 minuted. 

1 ^kr dayiH 

4 S minutes 
and 30 
muMrinS 
*=ld4y. 





1 

T= 3 inah. 

24 AUgutiLi 

^ ] Tiosta 

= IS bistus. 

4 

= \ 

0 fctitt 

2000 dai^dri 

^ 1 kmla 

= 4,000 yftKk 

4 JirMa 

^ i yDjjiriH 

= milHH 

'4' 


Q 2 
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aX^OSBAHY 


Fdr&n.—pHortoT* TJia wccJgo fastcne tlifl paiits of an 
di^trol&be to^thot. 

GhatV.^—A luxtlgth ptirt oi a i.c,, 24 minuti^ 
JanUr.—YftTitn^ q. v. 

jEmtar Mantra.—Watno hv tlio Hi^bi Olwcrvaloiy (Maivtra lias 
here no BjKsgyio moaning). 

prakaa.—A licmiBphorioa] illaf OoBignoil hy Jim 

Kap^lAH—A LowL A Inunisplinrioal dial 
Krlnti TFjo edipEio. 

KiintiTiitti yantm.—Aik kaia4.:irui]noaLiji lor ikkeaaikiin^ colossi 
Wtudo ojid loogltodod Tbe Tcrqucluim ot HcgiojiionULmu. 
Local tJmfc—Xlifo tnia »liir tijn& at a partSonlftr bodilry- Djnl 
time. 

Miara yantra.—^Fis:cd ittfrtTiaaotkt> See i>ago 30, 

Kakffbatra.—A divjidon of tho eolipti-o* A oojuftcJIalioii. 

NarA yantia. —^un-dinl 

Fala.—Quo mxtioUi of a 'i^ ^ ogcontlai 

Fralcfiia.—ManifwJU'kton, oinuiitHtion. 

Eam yantra,—Aei^ulariu^iiruiiaokLt for lUjoaHurmgdtitudcB and 
a%tnintbOh 

KjLu.—A aign of tlio zudiaa. 

Risi vainyn.—A act of 12 difife of tlio fMic l^po bui EJjo Sainrat 
Yaiitra—oim^ for caoli algrt of tlio zodlMK 
fiamiit.—aiipronEo i^ulor]. 

Samra| Slddbinfs,—J^omo of a ^^umskrlb tnmfrklion of tho 
AJinjigaaL 

Samrit yantra.—N uild of Joi ^glk^a gbLof inatnamcn^ on 
cKpimOQfjo] (Hd. 

Sbasbtimfa.—CdRaLStiDg of aixl^ dcfrco^ 

^d^bftnta.—Any c&ODniqnJ toiart-Look or adnatilio tJoftUae; 
ospDciaUy on a^tronoiny. 

Solar time.—^Tlio lucan Bolof day k iii& avorAfO of all tlio sokr 
dii^ya of tlio yeffirn TJ]o diOferonoo betwoen appitront eolar 
tixiuo, and mcfuit Holiir tlcnci la krmod tito ' oqioit^a of itmeh^ 
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standard time id Idia tltiia a BlniitlFud meridian. In 

Iiidtn tliD Btunjcliircl mcidxliiin S2* MG' of Oreesiwtch 

jirEi^l tiU^tdiuxL ti]]iu iii ljum'd cuirllur Uum CJnjuiuvbh nwii 

Tehinatum.-—An inHteinin>i;t for muuiLirlEi^^ oolu^taiil l[ktJtuduti 
line! 

5lriqQotrum+—An iiinLruiivsiit iMniiutiLhi^ Eivptj arniH i^E at\i%w\ 
Lon^tli lLltu(iifl to^nllwjr, svltrh a t[fcir(l i^nKlUAkiti ami 
ttiUi U} Lhu iiitigti 

UjmatQiJiaa yantira.—^ktovatctil]. A ^mihuitDcl oinrb 

wiUi vyrtiml Jiltittwlcafp otoF 

Vnlaya.—=A fiimV. 

VatUcftl olrol^—'Aity vUtln tIs'CongSk thu juid 

tlbi} liuri^ji nt 

V^itta.—Itoimil, airQUloj. 

YaDirfl,—ItustruiiiuJ Lt. 

Yantm rAjd,—Hindu Jinnio for tim luftrolul^Or 
of It riftii'.’ 

^|t a!-9aEa^ib.—‘COiidiFitluiJ uf iaLlotd-' Tlio Eualftslrtbo- 
^db All indli'iiiiu.ii1> coriHidtluig bwo |>jiirtui 

AMirOLioniu-aL tablu. 

JduliaiumQd Sbfilli.—-iVuLmiio^tiieui biblcu ULuaud uftor tiio 
Kui|>0Eor Mii^iimniac] 
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UbdorrAiijniin b. Abd'l—iil 30 fT ftb A.D 

mty\ Oh 

Aba^l HiiaaiiTi ilm Y^am (A.D. SGSa^,) 32. 
AUm'krm=l'IJpp{iFaiiiEB 4. 
j\DL-i-Jkkbf^i II. 

AkbitTimtniv lly 12. 

AibltOiil. fiM Mltl^lLJnJll,l1,^i b. AljJimisl: AbsiH nilmii. 
AibcklflgniuB. Aluliuniiuatl b. Jilbir b, iditiiiii 
AliontfEnci tnbicy I7» 

Alludikdc 2ti. 

'AlSb. Mubantnifljd y-^ijitl ol-E^burHul-Cliirg^I {A.!D. 

5,11. 
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A ImiTcunbintta 23. 

Angulo cvJoulKtiOAt i not used by ilie lEindiTs B3v 
' iLtkkabut^ ' apidijr *: tlio ualijiUo tAblot tti an fi^troUbi^ 2^^* 
Apartuna dUvL j^Antm. 

Arabic nutronoiuy 70 mi- 
Ann^n. ^eo ^anknb'dt. 

Aiyfibha^ {A^D. 470 bp) 70^ 

Aiyu^ptnkffbH 70. 
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NflwtoA, Sit (A,D. 1043 4727) I, 78, 80- = 

Kiyflt-yjmtra 35, 



iXDiax 


10& 


0 

'Omar b. Ibrobbti al-KliftSyrimi {A.D, I04J>^:l12rt) 77. 
Toiv OtfUoli 3 S» 4 L 


P 
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Bufreotjon 

Rriubo!d[A.D. ISn-lEflliJ 17. 
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